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Introduction 


Norman Simmons 
Coordinator, Biosphere 
Reserves Theme 
UNESCO/MAB Northern 
Science Network 


The goal of the Symposium on Research and 
Monitoring in Circumpolar Biosphere Reserves was 
to stimulate communication between scientists and 
managers involved with arctic biosphere reserves and 
other protected areas. The Northern Science Network 
intended such communication to result in the creation 
of new circumpolar biosphere reserves to fill gaps in 
genetic conservation, scientific research, monitoring, 
education, and involvement with local communities. 
The symposium objective followed recommendations 
of the First International Biosphere Reserve Congress 
in Minsk, Byelorussia, USSR, in 1983. 


The Minsk Congress in turn followed a chain of 
activities that began in the early 1960s with the 
inception of the section of the International Biological 
Program (IPB) known as Conservation of Terrestrial 
Ecosystems (CT). As part of this project, natural and 
semi-natural areas were set aside for the examination 
of ecosystems and the assessment of conservation 
needs. Ten years ago, IBP came to an end in most 
countries, but the needs of the Man and the Biosphere 
Program (MAB) had already been sown by the United 
Nations Educational, Scientific and Cultural 
Organization (UNESCO). The biosphere reserve 
theme of MAB was designed to link conservation, 
science, and society, and wasa natural follow-up to the 
research-oriented IBP/CT. 


While the Minsk Congress was being planned, the 
MAB International Coordinating Council authorized 
the creation of a science network “for cooperation 
among peoples engaged in problems peculiar to the 
circumpolar North.” In October 1982, delegates from 
circumpolar nations gathered in Alberta to form the 
Northern Science Network. Delegates agreed to limit 
specific scientific work to three themes at the outset. 


These were: 


¢ ecology and land use of subarctic birch forests, led 
by Finland; 


e land use practices and grazing animals, led by 
Sweden; and 


e research and monitoring in biosphere reserves and 
other protected areas, led by Canada. 


So in late August 1984, delegates from nearly all 
circumpolar countries gathered at the Waterton 
Biosphere Reserve, Alberta to launch the Science 
Network's biosphere reserve theme. In spite of the fact 
that the biosphere reserve concept was 10 years old, 
most participants were still searching for the 
program's relevance to the real world of resource 
conservation and development. Session chairmen 
therefore tried to focus discussions on 
recommendations that delegates could take home and 
use to trigger appropriate action. 


The first session dealt with a goal of the World 
Conservation Strategy: development with 
conservation through research and monitoring in core 
and buffer areas. An overlapping second session 
examined the embryonic global network of 
environmental monitoring stations involving 
biosphere reserves launched by the United States and 
the USSR. A Soviet delegate volunteered a special 
paper on this topic in addition to the invited 
presentation by the United States. 


Inadequate attention has been paid to public 
participation in biosphere reserve research and 
management, the third symposium topic. Delegates 


were able to talk with members of the Waterton 
Biosphere Reserve Management Committee, most of 
whom are ranchers in the buffer zone, about their 
unique model of public participation. The USSR has 
excellent public education programs on some of their 
biosphere reserves, and a Soviet delegate volunteered 
a paper on that topic in addition to the Canadian 
presentation. 


Most biosphere reserves are covered by overlapping 
government and private jurisdictions. The fourth 
session examined the practicality of joint management 
ofsuchreserves. Again, the Waterton model served as 
a useful example for discussion. [Fourth Session 
presentations by Dr. Matti Helminen and Dr. Glenn 
Juday were not available for publication. - Ed.] The 
closing session referred us to a major objective of the 
symposium: stimulation of the creation of new arctic 


biosphere reserves. The discussion began with a 
presentation of the Swedish experience with 
ecosystem classification for identifying potential 
reserve areas. 


The lively discussions following each session 
provided an example of the networking encouraged 
by MAB when it supported the formation of the 
Northern Science Network. If this networking has 
continued, at least in an informal manner, between 
scientists and managers involved with biosphere 
reserves of the circumpolar nations during the several 
years since we gathered in Waterton Lakes, then the 
symposium was a success. 


Current addresses and affiliations for each of the 
participants can be found in the section "Symposium 
Participants," at the end of this volume. 


Welcoming Address 


Bernie Lieff 
Superintendent, Waterton Lakes National Park 
Waterton, Alberta 


Welcome to Waterton Lakes National Park, the core of 
the Waterton Biosphere Reserve. This national park 
began asa forest park in 1895 and is the fourth oldestin 
Canada. The size of the park has varied tremendously 
over the years, at one time being more than twice its 
present 528.8 square kilometres (203 square miles). 


Waterton was established largely through the efforts 
of several nearby residents who wished to protect this 
scenic place for public use. It had been used by local 
people for years as a holiday area and they were 
concerned that settlement would crowd them out. 
Indian tribes came here for thousands of years; tribes 
of the mountains came into contact, and often conflict, 
with the prairie-dwelling tribes. Indeed our theme is 
“Where the Prairies meet the mountains.” 


In 1889, the first oil well in Western Canada was 
discovered in the Waterton Lakes area. Fortunately for 
those who wanted to protect the area, the oil discovery 
had short-lived results and in 1911 the land around 
these lakes becamea national park. 


The year before, in 1910, Glacier National Park on the 
U.S. side of the border was established. Upper 
Waterton Lake, which is beside us here, was then 
completely within national parks, although shared by 
Canada and the United States. 


As the years went by, local people again stirred 

governments into action. The Rotary Service Clubs of 
Alberta and Montana petitioned their respective 
governments to create the world’s first international 
peace park. The Waterton-Glacier International Peace 
Park was designated in 1932. It symbolizes the 
friendship and the bonds of peace between the people 
of the United States and Canada. Perhaps this concept 
should be considered in areas where lands worthy of 
protectionare shared by two or morecountries. 


The next designation came in 1979 when Waterton 
became one of two biosphere reserves in Canada and 
the only one involving a national park, as is still the 


case in 1984. Parks Canada, the administrative body 
responsible for national parks, and MAB/Canada are 
closely watching our efforts to become a truly 
functioning biosphere reserve. Our program could 
serve as a model for future reserves. Success depends 
upon fostering a healthy relationship between the 
park and its neighbours: the ranchers, provincial 
agencies, industry, and others. 


We are in a very special location geographically. 
Waterton Lakes National Park is located in the 
province of Alberta, but its western boundary, the 
continental divide, is the border between Alberta and 
the province of British Columbia; our southern 
boundary is the international boundary between the 
United States and Canada. To the east of us is the 
largest Indian reservation in Canada. A large 
provincial forest reserve, ranchlands and natural gas 
extraction facilities are on our northern border. 


Weshare common interests with our American friends 
in Glacier National Park, also a biosphere reserve, and 
we are exploring common interests in the so-called 
buffer zone of our biosphere reserve. I say so-called 
buffer zone because we don’t like this term, althoughit 
is often used to describe areas outside the core of a 
reserve where reserve activities take place. We have 
replaced this term with “zone of cooperation,” which 
better describes how we wish this area to be perceived 
by landowners and resource users. 


We hope that through establishing a successful 
biosphere reserve program, activities in the zone of 
cooperation will complement the national park core in 
the future as they do today, and that the park will not 
become anisland ina sea of threatening land uses. 


Enjoy your stay in the Waterton-Glacier International 
Peace Park and the Waterton Biosphere Reserve. Park 
staff and members of the Biosphere Reserve 
Management Committee are here to be a resource for 
your symposium. Please feel free to question us on our 


program. 


Resource Development and Arctic Biosphere Reserves 


A. Hodgson 


Chief, Research and Planning 
Department of Renewable Resources 
Yukon Government 
Whitehorse, Yukon Territory 


Introduction 


A biosphere reserve has not yet been established in 
northern Canada. Consequently, this paper will 
concentrate in hypothetical terms on the formation of 
a biosphere reserve in the Yukon based on the 
modified version of the Commission on National 
Parks and Protected Area’s (CNPPA) 1979 biosphere 
reserve components (MacFarland 1983). This paper 
will attempt to describe some of the impacts that the 
creation of sucha biosphere reserve would have on the 
Yukon. It is assumed that similar impacts might occur 
if biosphere reserves were created elsewhere in the 
Arctic. 


At this point it would be appropriate to describe some 
pertinent Yukon physical features and conditions in 
order to provide the general setting for the 
establishment of a hypothetical biosphere reserve. The 
Yukon Territory covers approximately 520,000 square 
kilometres (or about 200,000 square miles), and has a 
population of about 24,000, most of whom live in the 
capital city of Whitehorse. The Territory, with its 
numerous mountain ranges and river valleys, 
stretches from the Arctic Ocean to the 60th parallel. 
The Yukon is bordered on the west by Alaska, on the 
east by the Northwest Territories, and on the south by 
the province of British Columbia. A highway network 
places most areas of the Yukon within 200 miles of a 
major road (Figure 1). 


The Yukon’s main economic activities are tourism, 
mineral exploration and mining, government services, 
outfitting, trapping and fishing, and some forestry. As 
is true throughout northern Canada, the federal 
government is presently the major landowner. 


Although this situation will change with final native 
land claim settlements and the transfer of blocks of 
land to the Yukon government for administration, the 
federal government will likely continue to be an 
important landowner in the immediate future. 


Biosphere Reserve Structure 


The purpose of creating a biosphere reserve is stated in 
the brochure published by the Canadian Man and the 
Biosphere Committee as follows: 


... biosphere reserves help advance the achievement of 
sustainable development. They provide locations to 
demonstrate how renewable resources can be utilized 
without exceeding their productive capacities. 


The basic structure adopted for the biosphere reserve 
model was patterned after that proposed by 
MacFarland (1983) as a modified version of the 
CNPPA’s 1979 components and included the 
following features: 


e Complete Protection Zone (Core Zone) 


This zone is managed for minimum human 
interference, to serve as a baseline for the ecological 
region, and for research and monitoring; educational 
and training activities are carefully controlled and 
must be non-manipulative. The zone consists of an 
area of the main ecosystem or ecosystems to be 
protected, and should be large enough to be self- 
sustaining. It should, if possible, represent the 
ecosystem in climax; if the climax community no 
longer exists, the zone should contain the sub-climax 
communities in as natural a state as possible. Part of 


these sub-climax communities should be set aside to 
proceed by natural succession towards the climax. 


¢ Multiple Function Zone (Buffer Zone) 


This zone is managed for research and education; 
training activities and manipulative methods and 
techniques are permitted. One or more appropriate 
directresource uses are experimented with, permitted, 
improved, promoted and demonstrated (fisheries, 
tourism, hunting, grazing, forestry production, 
agriculture, etc.). This zone may contain human 
settlements. It consists of areas of the same ecosystems 
which have been or could be modified by different 
types of resource uses. 


° Stable Cultural Zone (Not found in the proposed model) 


This zone is managed to protect and study ongoing 
cultures and resource-use practices that are in 
harmony with the environment. Local residents and 
their activities may continue, but new technologies 
may be strictly controlled. 


e Restoration Zone 


The zone is managed to study and reclaim lands and 
natural resources where heavy natural or human- 
caused alteration has passed ecological thresholds; 
where biological processes have been interrupted; or 
where species have become locally extinct. The zone 
can serve two purposes: it can be used for experiments 
in rehabilitation, with small portions retained in their 
degraded state as demonstration areas, and to show 
the damage that can be done by unwise land use; and 
to illustrate the extent of recovery. 


It was also suggested by MacFarland (1983) that 
ideally all the components making up the reserve 
should be contiguous, and that they should belong to 
the same ecological zone or biome. 


Biosphere Reserve Test-Case 


For purposes of illustration an area in the southeast 
Yukon has been identified (Figure 2) which could 
conceivably qualify for biosphere reserve status. This 
area is centered around the Coal River mineral springs. 


These springs were identified as being a significant 
natural feature by the International Biophysical 
Program (Beckel 1975) and have been ranked as the 
fourth most important spring area in Canada in a 
study commissioned by Parks Canada (Housenecht 
1984). The springs and the surrounding area are at 
present being considered for designation as a park by 
the Government of the Yukon. 


This area would satisfy the requirements of the basic 
components and structure of a biosphere reserve. The 
park, or a portion of the park such as the area around 
the springs, could form a protected zone within which 
development activities would be restricted. A 
multiple-use area adjacent to this zone could be 
identified, and a restoration zone could also be 
established in a recently burned-over area (Figure 3). 


The multiple-use area or buffer zone would be large 
enough to permit a variety of resource uses including 
mineral exploration and extraction (Figure 4); tourism; 
recreational activities such as hiking; camping, 
fishing, boating, etc.; trapping (Figure 5); hunting, 
outfitting and forestry. 


In addition, the area would be used for educational 
purposes by various park interpretive programs. 
Research and monitoring would likely take placeonan 
on-going basis to monitor the impact of hunting and 
trapping on wildlife populations and the impact of 
recreational use on the area. 


Territorial park status would provide legal protection 
for the on-going management of the core area; 
however, the surrounding federal lands in the buffer 
zone might require special designation for 
management of the area as a biosphere reserve. 


Potential Impacts of Biosphere Reserve 


Ifa biosphere reserve was established in the Coal River 
area the following impacts could conceivably result. 


The simple act of designating the area either as a 
biosphere reserve or as a territorial park would tend to 
attract and retain tourists. This would have a direct 
economic impact on lodge owners along the nearby 
portion of the Alaska Highway, business in the 


community of Watson Lake, and on the Yukon 
economy in general. 


It is estimated that 400,000 tourists visit the Yukon 
annually and that on the average each tourists spends 
$100 per day. This means that attractions, such as 
biosphere reserves/ parks, by encouraging tourists to 
increase the length of their stay in the Yukon, have a 
potential for a significant economic impact. 


The management of the area as a biosphere reserve 
would require considerable change in the existing 
institutional organizations for resource managment. 


The administrative structure presently operating 
within the federal government only provides a forum 
for intergovernment review and approval of land use 
activities. The system provides little opportunity for 
meaningful participation by either resource users or 
the general public and is largely a regulatory or 
policing approach to land management. 


Yukon territorial parks, similar to most provincial 
parks, will provide for multiple use of most of the park 
area, however, with the exception of an initial public 
review of the park management plan there is no 
specified mechanism for direct public participation in 
the resource management of a park (Yukon Parks 
Ordinance 1979). 


Management of a biosphere reserve would require 
close cooperation between resource managers in two 
levels of government, local citizen’s groups, resource 
users (industry), local residents and research 
institutions. The institutional mechanism which 
would allow this integration to occur does not exist at 
present and would need to be developed. 


The development of a territorial park would providea 
significant impact on the local economy through the 
actual construction of visitor facilities in the park, on- 
going maintenance and management of the park, and 
various interpretive programs. 


Park development would require construction of road 
access. This would make the mineral resource in the 
area more attractive for development. It is likely that 
this would act as an incentive for the mining 


companies to extend the road up to the various mineral 
deposits in the area, in particular the lead, zinc and 
barite deposits on the MEL property and large 
deposits of sub-bituminous coal deposits near the 
Rock River. 


Improved road access into the general area may have 
a detrimental effect on outfitting, in that previously 
inaccessible wildlife population would now be more 
available to be harvested by the general public. 


Improved access would allow increased use of the 
wildlife resources of the area by hunters, trappers and 
sport fishermen. This may have a positive impact on 
the wildlife resource in general in that it would tend to 
spread the hunting and angling effort over a larger 
area of the Yukon and reduce pressure on wildlife and 
fishery stocks in current high-use areas. Improved 
access may also result in more efficient trapping of the 
area. 


The probable increase in resource use, mining 
activities, and tourism due to improved access would 
require more intensive monitoring and management 
of the renewable resources of the area thanis presently 
required. 


Improved forest harvesting practices, i.e., no clear 
cutting, would likely result from a more integrated 
management of the area’s resources. This in turn 
would lead to improved habitat for certain wildlife 
species, such as moose and some fur-bearing animals. 


A biosphere reserve would likely attract increased 
research effort from universities and government 
agencies. This could have a substantial effect on the 
local economy. 


Biosphere reserve status for the area would likely 
result in increased forest-fire protection being 
extended to the reserve area. 


Finally, becoming the focus of attention of 
governments, resource users, and local residents may 
act as an impetus to either increased development 
activities, or conversely, increased conservation 
measures being imposed on the area. This would 
depend on the influence of interest groups, the desires 


of the local residents and governments involved, and 
the degree to which the biosphere management 
structure responds to these various pressures. 


Summary 


For the test-case situation described in this paper, the 
concept of the biosphere reserve would provide a good 
managerial and institutional framework for dealing 
with the resource management problems within the 
area. Thedesignation of an area asa biosphere reserve 
would likely provide considerable economic benefits. 


It would assist the two levels of governments by 
providing a forum for local people and industry to 
become involved in the management of the area and 


ensure that economic benefits from resources would 
be derived in a manner in accordance with sound 
conservation practices. 


Not withstanding the above, a word of caution is in 
order. The establishment of any protected area in the 
Yukon, and perhaps the Canadian north in general, 
should be examined carefully. The placing of a 
boundary around a specific area has the negative effect 
of attracting people to that area. The establishment of 
many such areas could very likely place these areas 
beyond the management and enforcement capabilities 
of the territorial governments. This would result in 
placing features previously protected by isolation and 
obscurity into a situation where they could be 
irreparably damaged. 
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Figure 2. Potential Biosphere Reserve Site, Coal River Mineral Spring, Yukon Territory 
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Discussion 


Lorne Russell 
Rapporteur 


The Coal River biosphere proposal provided an 
excellent platform fora lengthy discussion on resource 
development in the Arctic, the purpose of the 
biosphere reserve program, and definitions of the two 
terms “core area” and “reserve.” 


Key points in the discussion that should provide a 
basis for recommendations include the following: 


e The original intent of the biosphere reserve concept 
should be re-examined: 


— The concept should be developed to cope with the 
increasing difficulty of protecting natural areas and 
the environment. Do we designate biosphere 
reserves now in relatively natural environments or 
wait until later? 


— The purpose of biosphere reserves is to establish 
benchmarks that resemble pristine environments. 


— Original protection intents may be defeated by 
natural succession, e.g., absence of fire. 


— Factors which depend on human influence must be 
separated from those which do not. 


Theimportance of “core” areas of biosphere reserves 
as zero points or benchmarks was re-emphasized. 


e The Arctic has many resource potentials. Biosphere 
reserves could play an important role in 
demonstrating the ecological and economic 
advantages of integrating the management of all 
important resources. We have tended to develop 
new lands for one specific use at the expense of 
others. 


e Suggested activities for biosphere reserves in the 
Arctic were: 


— research, e.g., global and atmospheric monitoring, 
— maintaining cultures and traditional local land use, 


— conserving species, populations and unique 
features, and 


— complementing or guiding resource extraction. 

e Local input in establishing biosphere reserves 
should be partof the social developmentand overall 
planning for the area (Soviet experience). Prestige 
and pride will result from local involvement with 
the reserve. 

¢ Definition of “core” area: 


— there was general consensus that “core” is a valid 
term as it applies to reference areas or zero points; 


— function may dictate size (.e., large-scale processes 
require large core); 


— strategies are easier in arctic regions where large 
areas of undeveloped lands still exist. 


e Definition of “reserve”— two views: 


~— To change the name now could be self-defeating. 
UNESCO has said no to suggestions of change. 


—In North America, the term reserve may have 
sufficient negative connotation to jeopardize the 
program (e.g., Indian and Inuit Nees 


perception (in Canada at least) of locking up 
resources and making local cooperation difficult. 


¢ Difficulties with development of biosphere reserves 
in the Arctic: 
— low population; 


— preservation versus development; 


— insufficient resources, money or people, to operate 
reserves properly; 


— lack of legislative authority; 
— lack of commitment; 
— low level of planning expertise in some countries; 


— poor communications. 
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Integrated Global Background Monitoring Networks 


G. Bruce Wiersma 
Earth and Life Sciences 
Idaho National Engineering Laboratory 
Idaho Falls, Idaho 


Introduction 


Pollution problems readily transcend geographical 
and political boundaries. Pollutants that are emitted in 
one location can have long transient times in the 
atmosphere and be deposited thousands of kilometres 
from the original source. 


For example, Elgmork et al. (1973) found that snow in 
remote areas of Norway contained lead levels of 98 
ug/litre and high sulphur levels. They concluded that 
these pollutants had their original sources in the great 
urban and industrial areas of western and central 
Europe. Johnson ef al. (1972) and Schlesinger ef al. 
(1974) reported excess acidity and high lead, cadmium 
and mercury levels in remote areas of northern New 
England. They postulated that the pollutants 
originated in the large population and industrial areas 
of the central and mid-Atlantic regions of the United 
States. Hirao and Patterson (1974) reported that 97 
percent of the lead found in aremote High Sierra Crest 
site came from anthropogenic sources. Anas and 
Wilson (1970) reported DDT levels in the milk of 
northern fur seals and in the fat of the pups. Other 
examples of the global transport of pollutants are 
contained in the studies of contamination of Arctic 
atmosphere from a variety of mid-hemisphere 
populated and industrialized areas. These include 
work by Lannefors ef al. (1983), Carlson (1981), and 
Rahn (1981). 


By the year 2000, the world population may increase 
by asmuchas 150 percent to approximately 6.35 billion 
people. This can only aggravate current 
environmental problems. Because of these future 
possibilities and because of the realities of today, it is 


most important that we obtain good estimates of 
baseline levels of pollutants and correlated estimates 
of ecosystem functions. 


This paper proposes that: 


ean integrated global background monitoring 
network for pollutants and ecosystem parameters be 
established; 


* pollutant measurement be made on a multi-media 
basis; 


e correlated ecosystem parameter studies be carried 
out simultaneously with the pollutant 
measurements; 


e the network be maintained for an indefinite time 
period (i.e., continuous monitoring); 


e the program be carried out using the international 
biosphere reserve system of the Man and the 
Biosphere (MAB) program as the universe from 
which the subset of sites for the monitoring network 
are drawn; 


the project be under the overall coordination of the 
Global Environmental Monitoring System (GEMS); 
and 


e wherever possible, the project be cooperatively 
operated with the Background Monitoring 
(BapMon) network of the World Meteorological 
Organization (WMO). 
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Background Monitoring 


Wenger etal. (1970) pointed out thata U.S. presidential 
advisory committee called for background ecosystem 
studies as early as 1965. Wenger et. al. believe that the 
ecosystem studies should be extended globally. In 
1968, Lundholm (1968) called for the establishment of 
a global monitoring system for remote background 
areas. His reasons for establishing sucha system are as 
pertinent today as they were 16 years ago. He states: 


Soctety is to an ever-increasing degree demanding 
information on how production in the natural 
environment is and will be affected by pollution. One 
reason why the value of the ecologist has not been 
sufficiently recognized by governments is that often he did 
not have the basic environmental information on which he 
can assess changes and base ecommendations for action or 
advance warnings on the effects of man’s activities on the 
natural habitats. 


There is an urgent need to create a kind of an early 
warning system based on long time series of 
environmental data from strategically situated stations or 
sampling areas. In order to follow the changing situation 
in the biosphere we need a network covering the globe. As 
the interest is focusing not on the local variations, but on 
the background levels and changes, the number of stations 
(or sampling areas) in such a network can be kept rather 
low... The aim is to erect a global network of baseline 
stations (sampling areas) devoted to monitoring biotic as 
well as abiotic factors in the environment. The purpose is 
to have a means of assessing short-term and long-term 
changes caused by a selection of factors, including many 
forms of pollution. The erection of a network is motivated 
mainly by the threat of pollutants... 


The Swedish Natural Science Research Council 
(Ecological Research Committee 1970) and the United 
States Ad Hoc Task Force on the Global Network for 
Environmental Monitoring (Ad Hoc Task Force 1970) 
also called for the establishment of a global monitoring 
system. Jenkins (1971) described the need for a global 
network of ecological baseline monitoring stations. 
He stated they should be representative of the major 
biomes of the world. Included was the measurement 
of pollutants. Sokolov (1981) defended the value of 
background monitoring with particular attention to 
integrated background monitoring. Izrael (1982) also 
calls for background monitoring and points out the 
early warning value such a global network of sites 
would have. Rovinsky and Buyanova (1982) point out 


thata network for background monitoring sites would 
provide a basis for the eventual establishment of 
international environmental protection activities. 


GEMS, WMO, Biosphere Reserves, and 
Background Monitoring 


The administrative framework for the Global 
Environmental Monitoring System (GEMS) was 
established in Stockholm, Sweden, at the United 
Nations Conference on the Human Environment. 
GEMS was part of Earthwatch, an activity of the 
United Nations Environment Program (UNEP). 


An interagency working group was established in 
1974 to list what should be monitored, including 
recommendations for the structure and operation of a 
United Nations global environment program. This 
working group set up Earthwatch with four integral 
components: monitoring (GEMS), research, 
evaluation, and information exchange. 


This working group also established the principle that 
these activities were to be carried out, wherever 
possible, in cooperation with ongoing and planned 
activities (Task Force II 1976): 


Earthwatch reference sites would be expected to provide a 
coherent, integrated base of benchmark data and 
information on physical, chemical, and biological 
conditions for determining long-term trends of 
environmental processes. These sites should include 
selections from ongoing and planned activities, suchas (a) 
World Meteorological Organization (WMO) baseline 
and upper atmospheric programs; (b) hydrology stations; 
(c) lake biome programs; (d) United Nations Educational 
Scientific and Cultural Organization (UNESCO) MAB 
biome programs; (e) open ocean baseline sites; (f) river 
outflow stations; and (g) inventory programs including 
those for deserts, forests, wet lands and grazing lands. 


The incorporation of the biosphere reserve concept 
(remote areas set away in perpetuity) with the 
terrestrial component of GEMS was specifically called 
for by the International Environmental Programs 
Committee (1976) of the U.S. National Research 
Council. Franklin (1977) also listed biosphere reserves 
as a component of GEMS. The International 
Coordinating Council of the Programme on 
Monitoring and the Biosphere (Anon. 1978) officially 
recognized the link between GEMS and the biosphere 
reserve system. They recommended that: 


° coordinated monitoring activities in biosphere 
reserves be developed in conjunction with the 
GEMS, and with associated worldwide monitoring 
activities in the fields of climatology, atmospheric 
pollution and environmental health sponsored by 
WMO and the World Health Organization (WHO), 
and that 


e UNEP provide support to developing countries to 
enable them to undertake appropriate monitoring 
activities in selected biosphere reserves. 


Others such as Herrmann etal. (1978) and Wiersma et 
al. (1978) describe monitoring activities and potential 
for increased activities on U.S. biosphere reserves. 


Only WMO currently hasa true worldwide network of 
background air pollution monitoring sites (Kohler 
1980). Of these, however, only about 10 percent are 
truly baseline site (deKoning and Kohler 1978). The 
terminology is slightly confusing since the WMO uses 
the term “Background Monitoring” (BapMon) to 
apply to the entire network, and “baseline” to apply to 
sites which in this paper are referred to as 
“background.” We will continue to use the term 
“background” to mean monitoring in very remote 
sites. On the WMO BapMon network, there have been 
calls for terrestrial background stations that will 
provide integrated measures in different 
environmental media (Jensen and Brown 1981; Anon. 
1980) Particular attention was focused on the BapMon 
sites. 


Ata series of United Nations interagency meetings in 
Geneva and Nairobi, steps to effect these 
recommendations were taken. UNEP/GEMS agreed 
to establish integrated background monitoring on 
three biosphere reserves as part of the terrestrial 
component of GEMS. This would be done in 
cooperation with WMO and UNESCO. These reserves 
were to be located in the United States, the USSR, and 
in Chile. A tentative design for monitoring was 
established, including monitoring basic ecological 
processes as well as pollutants. In summary, GEMS is 
using biosphere reserves as part of its terrestrial 
monitoring component. The program is designed to 
monitor pollutants and basic ecological processes 
(Anon. 1980). 
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The Three Station Pilot Network of 
Background Monitoring Sites 


Objectives 
The three-station pilot network has three objectives: 
e to establish reference levels for acidic and toxic 


compounds and other pollutants that have already 
shown global contamination at low levels; 


to serve as an early warning site for detecting long- 
term transport of acidic and toxic pollutants and 
changes of ecosystem processes — many of these 
compounds already exist in more impacted areas, 
and it is difficult to measure either changes in their 
levels or their spread; however, in pristine areas 
their confirmed presence in atmospheric samples or 
in other environmental media samples could be an 
indication that a particular compound has spread to 
regions far beyond its original sources; and 


to establish baseline levels for selected ecosystem 
parameters against which to compare date from 
more impacted areas. 


Cooperating Parties and Site Selection 


The monitoring network pilot project now has two 
operating sites out of the three planned. The first is in 
Olympic National Park, a U.S. biosphere reserve. The 
second isin Torres del Paine National Parkin southern 
Chile, also a biosphere reserve. The site in Chile has 
been operating since March 1984; the site in Olympic 
National Park since May 1984. Currently cooperating 
international agencies are UNEP/GEMS, UNESCO, 
MAB, and WMO. 


Cooperating national level agencies in the United 
States are the U.S. Park Service; the National 
Atmospheric Deposition Program; the National 
Oceanographic and Atmospheric Administration 
(NOAA) Global Acid Rain Project; National 
Aeronautic and Space Administration (NASA) Global 
Habitability Project; U.S. MAB/State Department; 
Department of Energy (DOE) Idaho National 
Engineering Laboratory; the U.S. Environmental 
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Protection Agency; and the U.S. Forest Service; and 
Corporacion Nacional Forestal (CONAF) in Chile. 


Cooperating universities are the University of 
Santiago, Chile; Magellanes University, Chile; Oregon 
State University; and Carnegie-Mellon University, in 
Pennsylvania. 


It is hoped that soon a third site will be chosen in the 
Soviet Union. The Soviets have been active in the area 
of background monitoring networks. Rovinsky and 
Buyanova (1982) describe 22 background locations in 
the Council for Natural Economic Assistance (CNEA) 
countries. Rovinsky et al. (1982) also describe three 
sites within the Soviet Union at which integrated 
background monitoring is taking place. These are 
Borovoje, and the Berezinsky and Repetek Biosphere 
Reserves. In addition, the Soviets also have an 
excellent background monitoring site at the Caucasus 
Biosphere Reserve. This was one of three reserves 
visited by a team of U.S. scientists in October 1982. It 
is hoped that a joint coordinated monitoring effort can 
be established between the United States and the USSR 
under the auspices of the US-USSR Bilateral 
Agreement on the Environment project on biosphere 
reserves. It this can be effected, we will have 
completed the third leg of the three-station pilot 
network. 


Olympic National Park, Torres del Paine National 
Park, Berezinsky, Caucasus, and Repetek are all 
biosphere reserves and as such are part of the 
International Man and the Biosphere Program. As 
well, each reserve has been selected as part of a subset 
of the entire biosphere reserve system that would be 
suitable for background monitoring. The criteria used 
to select these sites is outlined in detail below. 


Approach and Design Principles 


Much of the work on sampling and sample design has 
been done and can readily be adapted to monitoring 
on background areas (Wiersma and Brown 1980; 
Wiersma and Brown 1981; Wiersma 1981; Davidson et 
al. 1984). However, it is important to outline the 
principles under which a background monitoring 
program will operate in the three-station pilotnetwork 
and eventually in a full-scale global background 
monitoring program. These principles are the 
following. 


e The monitoring system should be multi-media. 


e A systems approach should be used to relate media 


and help understand possible interactions between 
pollutants and ecosystem parameters. 


e Multi-element compound analytical chemistry 
procedures should be used where possible. 


e Key ecosystem parameters should be measured. 


e Quality assurance techniques should apply to all 
phases of the project. 


Multimedia: A monitoring system should be able to 
trace a pollutant from a source to a sink or exit point. 
For most terrestrial remote areas the pollutant input to 
the reserve site is via the atmosphere. The ultimate 
sources, while in most cases easily associated with 
man’s activities in general, are currently difficult to 
locate. Therefore, input should be measured in the 
form of atmospheric concentrations, dry deposition 
and rain. Output from most biosphere reserves will be 
streams and rivers draining the area and the loss of 
pollutants via this route can be determined by 
sampling representative drainages. The identification 
of the potential sinks and pathways of movement of 
the pollutants requires sampling in other 
environmental media. 


Currently, our sampling covers air, deposition 
phenomena, water, soil, forest litter and several 
vegetation species. Animal specimens, terrestrial and 
aquatic, are not collected because of the difficulty of 
collection and of securing a representative sample. 
Under more intensive monitoring programs, such 
samples may be appropriate. Species of plants 
collected are lichens and mosses. 


Finally, the information from multimedia monitoring 
integrates readily with the data on ecological 
processes which is simultaneously collected. We 
hasten to point out that it will be virtually impossible 
to detect pollutant-related effects in remote areas. The 
greatest value will be in establishing baselines and 
long-term trends and helping to understand cycling of 
compounds in the studied ecosystem. 


Systems Approach: Munn (1973) states that it is 
essential that GEMS be designed in such a way that 
interactions between media can be studied, permitting 
delineation of the pathways of biogeochemical 
cycling. This requires a systems approach and is as 
applicable to the design of a system ona reserve asit is 
to putting the entire GEMS system together. A 
promising technique for accomplishing this is the use 
of kinetic modelling. Theoretical bases of these 


models have been described in detail by O’Brien 
(1979). Miller and Buchanan (1979), Barry (1979), and 
Wiersma (1979) applied this approach to the analysis 
of the biosphere reserve monitoring project in Great 
Smoky Mountains National Park. 


The kinetic modelling approach starts with a 
schematic representation of the system to be 
monitored. It must be emphasized at the outset that 
what is intended is nota predictive model, but merely 
a heuristic tool to help design and evaluate the system 
of interest. This is done by forcing one to consider the 
system as a whole at the time the monitoring program 
is being conceived. Doing thisalso sets up a procedure 
for carrying out the data analysis. 


Pollutants: The selection of a limited number of 
pollutants to measure in background monitoring areas 
has been a common recommendation by many 
scientists concerned with development of monitoring 
systems in background areas (Munn 1973; Task Force 
II 1976; and Ad Hoc Task Force 1970). Virtually all the 
pollutants suggested had a potential for long-term 
transport. However, advances in chemical analytical 
techniques allow us to reconsider this approach. For 
example, trace element techniques for a variety of 
media are now multi-elemental (Jaklevic et al. 1973, 
1976; Dzubay and Stevens 1975). 


Spark source emission spectroscopy will give 26 
elements per sample at one analysis. It is primarily 
useful for samples such as vegetation. Over 20 trace 
elements on air filters can be measured by X-ray 
fluorescence at one time. Inductively coupled plasma 
emission spectroscopy will give as many as 26 
elements at one analysis for water samples. Spark 
source mass spectrometry will give estimates for 
virtually all elements in water samples. Neutron 
activation is another useful multi-elemental 
technique. 


When using these techniques, speed of analysis is 
greatly increased, thereby significantly reducing costs. 
In addition, data analysis is simplified because the 
data output from these multi-elemental analytical 
systems can be readily placed on computer tape. 
However, detection limits are sometimes slightly 
higher than detection limits for the analyses of the 
same element by atomic absorption spectrometry. In 
addition, precision may be less with multi-elemental 
techniques. The initial purpose of measuring 
pollutants on reserves may allow for a decreased 
degree of analytical precision as well as decreased 
detection limits in the interest of cost reduction. 
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Certain trace elements may still have to be analyzed 
with specialized, highly sensitive techniques. These 
would be elements of proven long-range transport 
capabilities and significant toxicity to ecosystems. 


Multi-residue techniques for trace organics are also 
available. They are more expensive than multi- 
elemental techniques. Multi-residue techniques are 
available for the major types of pesticides and toxic 
organics in most environmental samples. The 
techniques are routine enough that they can be 
recommended for use as part of a biosphere reserve 
monitoring program. They are used in our studies in 
the United States. In situ measurements are made for 
parameters such as pH, conductivity, O3, NO,, SO,, 
etc. 


Key Ecosystem Parameters: Unanimity of opinion 
does not exist on what constitutes a good set of 
ecosystem parameters to follow through time. 
Extensive lists of such parameters have been 
developed (Anon. 1980). However, while most of 
these proposed measurements are potentially useful, 
their number tends to induce a level of organizational 
inertia that almost precludes getting anything done. A 
number of key ecosystem parameters, however, do 
stand out. These include nutrient cycling, tree 
reproduction patterns, changes in tree growth, 
changes in tree foliage, and fluctuations in microbial 
populations. Before changes can be detected, data 
must be developed from natural, unpolluted systems. 
These data can then be used asa baseline against which 
other, supposedly polluted, systems can be compared. 
Detection of subtle changes or differences in 
ecosystem processes is an intricate matter. Forested 
ecosystem processes are complex, and rarely operate 
alone. Each process is highly dependent on one or 
more other processes; thus, observing and measuring 
insidious changes creates complicated sampling 
problems. There is a need to identify certain forest 
ecosystem processes that will register these subtle 
changes, and these processes/parameters should 
meet certain criteria (McShane 1983). They must: 


e reflect an ecosystem process or function, 
e respond insome known way toa pollutant response, 
¢ be measurable through time, 


e have natural variability through time, determined 
by baseline data, and have responses small enough 
to allow detection of deviation from the norm, and 
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e be able to be measured precisely enough to show 
departure from norm. 


Quality Assurance: Field sampling must be as 
representative as possible. Terrain considerations 
sometimes preclude totally random sampling. In 
these cases, a grid sample is sufficient. Sample 
handling should be minimized. All vegetation, forest 
litter and soil samples should be composit samples 
made up of a minimum number of 10 subsamples. 
These samples collected for trace elements in the field 
must be placed in clean plastic bags. 


Each set of 10 subsamples is to be collected wearing a 
new pair of plastic gloves. Similar procedures should 
be followed in the laboratory to minimize handling 
and potential cross-contamination. Water samples for 
two elements must be placed in acid-washed 
polyethylene bottles. Both filtered and unfiltered 
samples should be collected and acidified with ultrex 
nitric acid in the field. 


Extreme care should be taken with air samples for trace 
elements and sulphate nitrates, and other pollutants 
that can be trapped on filter media. All sample heads 
must be triple bagged in Class 100 laboratories, and all 
subsequent analyses are to take place in Class 100 
laboratories. Additional details are available from 
Wiersma (1981), Davidson ef al. (1984), Wiersma and 
Brown (1980), and Wiersma et al. (1978). 


Wherever possible, quality control procedures are to 
be applied to samples submitted for analyses. The soil 
sample extracts must be submitted witha minimum of 
10 percent quality control samples. These are to 
include spiked samples, acid blanks and replicates. 
Vegetation and litter samples are to contain up to 10 
percent quality control samples. Samples should be 
submitted in ascending numerical order. In our sites, 
the contractor was required to analyze the samples in 
the order submitted. Every tenth sample alternated 
between a National Bureau of Standards (NBS) 
certified sample or a replicate sample. This latter 
sample was always taken from a large quantity of 
dried, powdered lettuce. The purpose of the repeated 
use of the same sample was to detect instrument drift. 
Prior to the submission of field samples, vegetative 
standards obtained from NBS with certified trace 
element levels were submitted as quality assurance 
samples. Based upon the results of these standards, 
expected precision limits were calculated for this 
analytical technique. 


Current Activities at Torres del Paine National 
Park and Olympic National Park 


The foregoing discussion presupposes sufficient 
funds, and such is never the case. Therefore, the 
projects in Chile and the United States reflect the 
principles as stated, but operate at levels consistent 
with currently available funding. 


Torres del Paine National Park 


The following activities are underway at Torres del 
Paine National Park. 


A Strolein HV 150 high-volume air sampler is being 
operated according to specifications required by 
WMO. Sampling times are for alternate 10-day 
intervals. Samples are analyzed for Al, Ba, Ca, Fe, Mg, 
Mn, Na, Ti, Ag, As, Cd, Cu, Pb, and Zn. A low-volume 
solar-powered air monitor is also operating and 
samples are analyzed for the same elements as above, 
as well as SO Me NO,, Br, and F. 


Only wet deposition samples are collected. Dry 
deposition samples are planned; however they will be 
held in abeyance until a widely accepted dry 
deposition procedure is developed. Two wet 
deposition samples are being taken in the park. Oneis 
an Aerochem-bucket sampler operated by the global 
acid rain project of NOAA. A second sampler is an 
ERNI bucket sampler. For the first year of the study, 
samples from both devices will be analyzed by the 
NOAA project. In the second year, samples will be 
split between the International Atmospheric 
Environment Agency (IAEA) laboratory in Vienna 
and the NOAA laboratory. A DeSagaSO, sampler will 
also be used to sample SO, in the park. 


Water samples will becollected monthly froma stream 
draining the watershed containing the reference 
stand. Vegetation, soil, and forest litter samples are 
collected yearly in a reference stand located just to the 
west of the major cordillera in the park. The samples 
are analyzed presently for 20 - 30 trace elements using 
spark source emission spectroscopy and inductively 
coupled plasma emission spectroscopy. 


The research stand is a mature lenga stand (Nothofagus 
pumilio). A reference stand will be established in the 
stand. Detailed ecological studies are currently being 
designed by the University of Chile staff. Weather 


parameters are also measured in the park. A quality 
assurance program has been instituted for this project. 


Olympic National Park 


A low-volume air sampler is currently operating ina 
clearing in the established research stand in the Hoh 
River Valley, Olympic National Park. A high-volume 
air sampling station will be established at a site yet to 
be determined. Its siting is critical to avoid local 
contamination from slash buming, campfires and 
parking lots. Analyses will be the same as for Torres 
del Paine National Park with the addition of nitric acid 
in the high-volume air samples. Sampling periods are 
approximately the same as for Torres del Paine 
National Park. Sampling isalso planned forSO,,NO,, 
O, and CO,. As in Chile, dry deposition 
measurements are not being made at this time. Wet 
deposition samples are being collected at an NADP 
sampling station at the Hoh River Ranger Station. 


The monitoring site is located at the Twon Creeks 
Natural Research Area in the Hoh River valley. Water, 
soil, forest litter, and vegetation samples are being 
collected at this site. Analyses are for trace elements by 
spark source emission spectroscopy and inductively 
coupled plasma emission. In addition, priority 
pollutant scans for approximately 100 organic 
compounds are being made on the soil, litter and 
vegetation samples. 


A reference stand has been established. It is primarily 
a Sitka spruce - Douglas fir type of system. Six 
ecosystem parameters are being measured. These are 
lichen productivity, moss productivity, leaf litter fall, 
litter decay rates, nutrient flux in the soil, and needle 
population structure. 


A quality assurance program has been instituted for 
this project. Weather parameters are being collected 
within the stand at the park, and are also available 
from the U.S. Weather Service Station at Quilliyuts. 


A Proposed Global Network of Background 
Monitoring Sites 


The pilot network described above, to be truly 
effective, must eventually be expanded to give a 
greater coverage of representative biomes of the 
world. The preceding description, however, gives an 
idea of the type of monitoring, of both pollutant and 
ecosystem parameters, that should take place on a 
much-expanded network of background monitoring 
sites. 
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A previous study (Wiersma 1981) looked at the 
biosphere reserve system in some detail to determine 
which of the reserves were suitable for background 
monitoring. Currently (1984), there are 226 biosphere 
reserves in 62 countries; 40 are located in the United 
States. 


Estimations of the number of sites needed varies. 
Rovinsky and Buyanova (1982) estimated that 30 - 40 
sites would be needed worldwide. Jensen (1971) 
estimated 20 stations would be needed, with at least 
two stations in each biome type. The terrestrial 
biomes, he suggested, were deciduous forest, 
coniferous forest, tropical forest, savanna, thorn scrub, 
grasslands, desert, and tundra. Obviously, the 226 
biosphere reserves currently existing are far too many 
fora global network. In addition, many of themare not 
suitable. What follows is an attempt to identify a 
subset of these reserves that are most suitable for 
pollutant monitoring. The establishment of selection 
criteria is critical to effectively making these choices. 


The most applicable siting criteria would seem to be 
that established for the World Meteorological 
Organization Background Monitoring Stations as 
modified in 1979: 


e The station should be located in an area where no 
significant changes in land-use practices are 
anticipated forat least 50 years within 100 kilometres 
in all directions from the station. For mountain 
stations located well above the surface mixing layer, 
this criterion can be relaxed somewhat. 


The station should be located away from population 
centres, highway and air routes, preferably on small 
isolated islands (uninfluenced by sea spray) or on 
mountains above the tree line. 


The site should experience only infrequent effects 
from local natural phenomena such as volcanic 
activity, forest fires, and dust and sandstorms. 


However, the criteria are vague concerning the 
definition of background measurement, and the 
report seems to imply that a local pollutant source was 
acceptable provided it did not affect the instruments 
more than 60 percent of the time. Taken literally, this 
would be unacceptable fora biosphere reserve site that 
was to be used for pollutant monitoring, the reason 
being that many of the parameters measured 
(vegetation, soil, litter) are integrative in nature. Any 
pollution source, therefore, even if it affected the site 
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only 40 percent of the time, would still be a serious 
source of contamination. 


A second set of site selection criteria was presented in 
the WMO report Environmental Pollution Monitoring 
Programme (WMO 1979). With the removal of 
reference to specific sites not appropriate to the 
discussion at hand, these criteria are: 


e The areas should be typical of the region in terms of 
the following physiogeographical characteristics: 
relief, climatic factors (nature of the atmospheric 
circulation, thermal regime in the atmosphere, 
amount of precipitation, etc.), nature and state of the 
soil and plant cover, and the water regime. 


e Theareas should not be subject to the direct influence 
of any major pollution sources (industrial centres, 
urban agglomerations). The impact of small local 
pollution sources (small human settlements, 
agricultural holdings, roads, air routes, etc.) should 
also be minimal. 


e The areas should be located in zones of minimal 
economic activity, and there should be no 
substantial change in the nature of this activity in the 
coming decades. 


e The areas should preferably have a reasonably well- 
protected core area. 


e The areas should be in regions that are readily 
accessible. 


e The areas should have a relevant research institute 
nearby, or have a history of research and/or 
monitoring stemming from country-based 
institutions. 


¢ The areas should have a good set of existing 
background data. Of particular importance is an 
extensive run of meteorological data (e.g.,50 years), 
including precipitation and temperature. 


This list appears more directly applicable to the 
selection of biosphere reserves for pollutant 
monitoring. With some modification it formed the 
basis for the selection criteria used. The selection 
criteria used in this report were divided into two 
categories: mandatory and desirable. 


Mandatory criteria were: 


e Size: The size of areserve can help ensure that several 


of the WMO integrated monitoring site selection 
criteria can be met. For example, adequate size will 
help minimize local influences (i.e., minimize the need 
to be concerned abouta 40 percent pollution episodeas 
in the WMO BapMon criteria). It would help ensure 
that an adequate core area existed and would help 
shield it against changes in economic activity in 
surrounding areas. With this in mind, the size for 
reserves was set at 20,000 hectares. This figure was 
based on a desire that a minimal number of points in 
the reserve be less than five miles from the edge. This 
figure assured a circle with a five-mile radius. 


e Access: Thearea should be reasonably accessible, but 
intensive activities suchas heavy vehicles and traffic 
should be restricted. 


eProtection: The area should have institutional 
protection (i.e., government/state) in perpetuity. 
This will not only help protect the area, but in some 
cases could significantly alter economic 
development in the surrounding areas. 
Unfortunately, depending on the nature of the 
reserve, the opposite can occur. An example of the 
former situation is the restriction on geothermal 
well-drilling in the vicinity of the border of 
Yellowstone National Park. Anexample of the latter 
is the excessive commercialization at park 
boundaries, such as at Gatlinburg, Tennessee, and 
Great Smoky Mountains National Park. 


Staff: The reserve should have a permanent staff. 
This will increase (but not guarantee) the probability 
that the following services will be available: 
protective overseeing, scientific studies, logistical 
staging areas, personnel available to carry out 
repetitive measurements (i.e., change sample 
filters). 


¢Vegetation: The reserve should have a vegetation 
type approximately representative of a major 
biogeographical type in the world. This matches the 
first requirement of the WMO list. 


Desirable criteria were: 


Undeveloped surrounding areas: This would ensure 
the size and existence of a neutral zone. This 
criterion, however, was partly met by a mandatory 
criterion on size; and, therefore, it was listed as 
desirable rather than required. 


No history of disturbance: While this would ensure a 
natural ecosystem in the reserve, in practice it would 


be difficult to find many reserves that can meet this 
criterion. 


e Permanent staff greater than five: Thiscriterionis based 
on the premise that the larger the resident staff, the 
greater the possibility that the reserve will have 
suitable facilities and ongoing activities that would 
be useful to the monitoring program. 


e Scientific research underway: Three kinds of research 
were envisioned — pollutant monitoring; impact 
studies (these could include pollutant monitoring); 
and basic ecology. 


¢ Data availability: The presence of background data 
for a reserve is not ensured merely because research 
activities are underway. Examples of data that are 
required are meteorological, hydrological, 
geophysical, soils, geohydrological and biological. 
The latter would include items such as species lists, 
forest types, and census data. 


The actual selection ofa subset of the reserves based on 
the above criteria is preliminary at this time. The 
selection was made based only on the information in 
the Directory of Biosphere Reserves (UNESCO 1979). 
This directory covered the 171 biosphere reserves 
established at that time. The number of biosphere 
reserves currently in the system has expanded and the 
new additions should be reviewed for possible use in 
a background monitoring network. Additional 
information is necessary to develop a final list. 
Examples of additional information needed beyond 
that found in the Directory of Biosphere Reserves are: 


e more information on availability of flora and fauna 
data; 


e more information on past and current research 
programs; 
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° review of existing data bases covering physical data 
sets (i.e., meteorology, hydrology, soils, etc.); 


e more details on the site facilities available; 


e evaluation of reserve position vis-a-vis major air 
mass; 


e ability and willingness of the host country to carry 
out pollutant monitoring program; and 


e types and quality of graphical support data (ie., 
maps, aerial photographs, satellite photographs). 


Using the 10 criteria defined in this report, an initial 
screening of the 171 reserves listed in the Directory of 
Biosphere Reserves yielded 41 potential reserves for 
background monitoring. Virtually all of these 41 
Reserves met the criteria in all respects. A few 
modifications or adjustments were made in their 
selection. For example, the Reserve de la Michilia in 
Mexico is listed as having only 7,000 hectares, but is 
surrounded by a 35,000 hectare buffer zone. Because 
of this, it was included in the list of 41. The 
geographical distribution of these reservesis shown in 
Figure 1. In general, they present a good distribution 
pattern on a global basis. 


Distribution by Udvardy bioclassification zones and 
biomes (Udvardy 1984) is also shown in Table 1. The 
41 reserves cover 11 of the 14 potential biomes. Certain 
biomes are more heavily represented than others. The 
mixed mountain and highland systems zone has a 
large number of reserves. Other biomes with a 
relatively large number of reserves present are the 
tropical dry or deciduous forests and the subtropical 
and temperate rain forests. The current list of 41 covers 
most of the potentially desirable biomes as well as 
meeting the monitoring criteria set out previously. 


24 


Oo 
I 

I 

YY 


ace” 


Figure 1. Biosphere Reserves Potentially Suitable for Monitoring 


Biosphere 
Reserve 


Conservation Park 
of South Australia, 
Australia 


Fitzgerald River 
Park, Australia 


Prince Regent 
River Nature Reserve, 
Australia 


Southwest National 
Park, Australia 


Parque Nacional 
Pilon-Lajas, Bolivia 


Reserve Biologica 
de Ulla Ulla, 
Bolivia 


Waza National 
Park, Cameroon 


Waterton Lakes 
Biosphere Reserve, 
Canada 


Bamingui Banagoran 
Conservation, 
Central African 
Empire 


Laguna San Rafael 
National Park, 
Chile 


Torres del Paine 
National Park, 
Chile 


Parc National 
d’Odzala, Congo 


Realm 


Australian 


Australian 


Australian 


Australian 


Neotropical 


Neotropical 


Africotrop- 
ical 


Nearctic 


Africotrop- 
ical 


Neotropical 


Neotropical 


Africotrop- 
ical 


Table 1. Distribution of Biosphere Reserves Selected as Candidates 


southern mulga/ 
saltbush 


western 
sclerophyll 


northern coastal 


Tasmanian 


Maderian 


Puna 


West African 
woodland 


Rocky Mountains 


West African 
woodland 


Chilean 
Nothofagus 


Patagonian 


Congo rain 
forest 
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Biome 


Biogeographical 
Province 


warm deserts 
and semi-desert 


evergreen 
sclerophyll 


tropical dry or 
deciduous forest 


subtropical and 
temperate rain 

forest 

tropical humid 


mixed mountain 
highland 


tropical dry or 
deciduous 


mixed mountain 


tropical dry or 
deciduous 


subtropical 
temperate 


cold winter 
deserts 


tropical humid 
forest 


Table1 Continued 


Biosphere 
Reserve 


Trebon Basin 
Reserve, 
Czechoslovakia 


Northeast Green- 
land National Park, 
Denmark 


Rio Plantano, 
Honduras 


Parc National de 
Tai, Ivory Coast 


Mount Kenya 
Biosphere Reserve, 
Kenya 


Reserve de la 
Michilia, Mexico 


Northeast Svalbard 
Nature Reserve, 
Norway 


Reserva de 
Huascaran, Peru 


Reserva del 
Manu, Peru 


Reserva del 
Noroeste, Peru 


Slowinski National 
Park, Poland 


Swiss National 
Park, 
Switzerland 


Aleutian Islands 
National Wildlife 
Refuge, USA 


Realm 


Palearctic 


Nearctic 


Neotropical 
Africotrop- 
ical 
Africotrop- 
ical 


Nearctic 


Palearctic 


Neotropical 


Neotropical 


Neotropical 


Palearctic 


Palearctic 


Nearctic 


Biogeographical 
Province 


Middle European 


Arctic desert 
and icecap 


Central American 
Guinean rain 
forest 

East African 
highlands 
Madrean- 
Cordilleran 


Arctic desert 


Yungas 
Yungas 
Equadorian 


dry forest 


Middle European 
forest 


Central European 
highlands 


Aleutian Islands 


Biome 


temperate broad 
leaf 


tundra 


tropical dry/ 
deciduous 


tropical humid 


mixed mountain 
and highland 


mixed mountain 


tundra 


mixed mountain 
mixed mountain 
tropical dry 


deciduous 


temperate broad 
leaf 


mixed mountain 


tundra 
communities 


Table1 Continued 


Biosphere 
Reserve 


Desert 
Experimental 
Range, USA 


Everglades 
National Park, 
USA 


Glacier 
National Park, 
USA 


Great Smoky 


Mountains National 


Park, USA 


Mount McKinley 
National Park, 
USA 


Noatak National 
Arctic Range, 
USA 


Olympic National 


Park, USA 


Rocky Mountain 
National Park, 
USA 


Three Sisters 
Wilderness, USA 


Yellowstone 
National Park, 
USA 


Berezinsky 


Biosphere Reserve, 


USSR 


Caucasus Biosphere 


Reserve, USSR 


Repetek Biosphere 


Realm 


Nearctic 


Neotropical 


Neotropical 


Nearctic 


Nearctic 


Nearctic 


Nearctic 


Nearctic 


Nearctic 


Nearctic 


Palearctic 


Palearctic 


Palearctic 


Biogeographical 
Province 


Great Basin 


Everglades 


Rocky Mountains 


Eastern Forest 


Yukon Taiga 


Alaskan 


tundra 


Oregonian 


Rocky Mountains 


Sierra Cascade 


Rocky Mountains 


Middle European 
forest 


Caucaso-Iranian 
Highland 


Turanian 
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Biome 


cold winter 
desert 


tropical dry/ 
deciduous 


mixed mountain 
highland 


temperate 
broad leaf 


temperate needle 
leaf forest 


tundra 
and barren desert 


subtropical and 
temperate rain 
forest 

mixed mountain 
highlands 
mixed mountain 
highland 

mixed mountain 


highland 


temperate needle 
leaf forest 


mixed mountain 


cold winter 
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Table 1 Continued 


Biosphere 
Reserve 


Reserve, USSR 


Sikhote-Alin 
Biosphere Reserve, 
USSR 


La Réserve 
Ecologique du 
Bassin de la 
Riviére Tara, 
Yugoslavia 


The Velebit 
Mountain, 
Yugoslavia 


Realm 


Palearctic 


Palearctic 


Palearctic 


Biogeographical 


Province 


Manchu-Japanese 
mixed forest 


Balkan Highlands 


Central European 
Highland 


Biome 


desert 
temperate needle 


leaf forest 


mixed mountain 


tropical and 
temperate rain 
forest 
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Principles of Territorial Distribution of Biosphere Reserves and Global 
Monitoring Networks in the Subarctic 


Y.G. Puzachenko 
Y.I. Chernov 
Academy of Sciences 
Moscow, USSR 


Planning the network of biosphere reserves and the 
global monitoring system connected to it receives 
great attention in the USSR. (See Isakov and Krinitsky 
1983; Gavva and Yazan 1983;) [Although references 
occur in the text that follows, no reference section was 
provided by the authors. - Ed.] In the course of 
developing regional systems we take into 
consideration the main purpose of each reserve as well 
as the general tasks of the system as a whole, such as 
the conservation of genetic and ecosystem diversity. 
Priorities are defined by the present or envisaged 
impact of industrial development in the region; and by 
the spatial, structural and hierarchical organizations 
of nature, reflecting the interrelations and interactions 
of lithosphere, hydrosphere, and atmosphere, as well 
as the soils, vegetation and fauna of the area. 


Planning the territorial distribution of global 
monitoring stations is based on a conception of 
monitoring functions in the nature-use system — 
prediction and recording of environmental conditions 
on local, regional and global levels. In accordance with 
these functions, the criteria of monitoring efficiency 
are introduced. Among these the most important are 
(Gunin, Puzachenko et al. 1983; Sokolov, Puzachenko 
and Chernov 1982): 


° sensitivity — early recording of changes, 


¢ selectivity — the possibility of identification of causes 
of these changes, 


e representativity — the possibility of extrapolating the 
results on vast territories and economic efficiency 
assuring the minimum of observations on the 
minimum of stations providing the necessary 
information. 


It is clear that biosphere reserves must be situated in 
such physical-geographical regions as to represent the 
ecological and genetic diversity of a large natural 
region — physical geographical regions or 
biogeographical provinces. These conditions are best 
satisfied on the boundaries of regions. The territories 
situated in the centre of the region inevitably present 
more homogenous and stable conditions of ecosystem 
genesis and therefore are less attractive from this point 
of view. Global monitoring stations as well would be 
most efficient on the boundaries of mean statistical 
positions of global barometric pressure systems and 
fronts dividing air masses of different genesis, mostly 
coinciding with the boundaries of climatic regions. It 
is in just these conditions that it is possible to control 
effectively both the global transportation system and 
climatic variations along with the response of 
ecosystems. 


In addition, in the course of the discussion on the 
territorial distribution of protected areas and the 
network of ecological monitoring stations of 
biospheric range, great importance is given to past 
experience in monitoring. This work is based on 
research at scientific stations and in nature reserves. 
The material collected presents an opportunity for 
better quality of choice. Here we must take into 
consideration the fact that biosphere reserves, as well 
as performing global monitoring, are carrying out 
scientific and practical activity within the limits of 
existing researches. 


Now let us apply all the above-mentioned 
considerations to the arctic and subarctic regions. In 
order to fulfill our task we must analyze the process of 
formation of arctic ecosystems, their specific 
organization and the particularities determining the 
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diversity of the gene pool. We should examine the 
conception of ecosystem dynamics at different time- 
scales, the factors determining their dynamics, the 
existing schemes of regional division, and physical- 
geographical (first of all climatic) particularities of the 
formation of ecosystems in different regions. The 
evaluation of the recent conditions of ecosystems is of 
no less importance as a point of departure for future 
observations. 


The literature treating these problems in the Soviet 
Arctic was collected during one-and-a-half centuries 
and includes many hundred of works. In this report 
we refer to the original studies of the last 10-20 years. 


The strategy of national use of natural resources, gene 
pool preservation, and conservation of the diversity of 
ecosystems is in great part determined by an 
understanding of their genesis and the particularities 
of their functioning. 


According to contemporary conception, the tundra 
biome isa relatively young formation which appeared 
by the end of the quarternary period (Grigoriev 1956). 
The first analogues of contemporary tundra 
communities were probably developed in northern 
Beringia at the end of the Plyocene. It is possible that 
the Plyocene tundra ecosystems had something in 
common with contemporary tundra but the 
quaternary steppe-tundra had little in common withit 
(Sher 1976). Apparently the formation of the tundra 
biome in its contemporary form is connected with the 
postglacial period of 10-11,000 years of duration. But 
this evaluation is true only for the biome. The 
develment of flora and fauna representing the 
contemporary tundra ecosystems embraces a longer 
period — 1-3 million years (Yurtsev, Tomachev and 
Rebristaya 1978). 


Y.V. Sukachev has discerned two important processes 
which determine the formation of flora and fauna in 
the evolutionary scales of time: selectocoenogenesis — 
formation of the biogenetic cover by the introduction 
of species from adjacent territories; and 
phylocoenogenesis — the transformation of species in 
the course of long cohabitation and interaction with 
the environment. In fact these two processes 
embracing vast territories are simultaneous and in the 
course of selectocoenogenesis we can already observe 
phylocoenogenetic processes. However, itis clear that 
in the first stages of the formation of the biome the 
leading role belongs to the colonization process. It is 
also clear that selectocoenogenesis is realized on the 
base of the most eurybiotic representatives of flora and 


fauna which have great colonization possibilities and 
accordingly tend to breed. 


From these positions the contemporary tundra 
ecosystems may be characterized as passing at least 
the final stage of intensive selectocoenogenesis. 
Depending on concrete conditions these ecosystems 
absorbed the widespread species of alpine and taiga 
flora and fauna which had the largest colonization 
possibilities and were highly eurybiotic. The 
characteristic point is that the most widely spread 
species in the tundra are the representatives of every 
taxon possessing archaic traits and consequently in 
many cases being ancient enough. This conception is 
confirmed by low endemicity even on the species level. 
At the same time as early as the 1930s academician 
Komarov determined the postglacial territories 
occupied by tundra and boreal forests as areas of 
intensive formation of species and called attention to 
the wide spreading of diploid and complex hybrid 
forms. This specific quality of the tundra biome was 
confirmed by later studies (Yurtsev et al. 1976). 


Thus we can suppose that it is in arctic and subarctic 
conditions that we meet the unique phenomena —the 
phylocoenogenetic youth of ecosystems and 
consequently an intensive process of contemporary 
species formation leading to the appearance of specific 
forms well adapted to peculiar ecological conditions. 


On the other hand, the phylocoenogenetic youth of 
ecosystems, their common pioneer character 
determine the wide spread of eurybiotic species 
resistant to a wide spectrum of conditions and 
possessing high self-recovering ability. 


Contrary to common opinion this ecological 
particularity leads to the potentially high stability of 
tundra ecosystems and a comparatively quick 
recovery after disturbances. On the other hand, the 
same particularity determines a comparatively simple 
character of successions; for even in the first stages we 
can witness the presence of many different species. 
The youth of ecosystems and a consequent spread of 
eurybiotic species leads in a certain degree to a high 
saturation by species of each concrete plant 
community together with a comparatively small 
number of species in each region. 


From these considerations we can see that the 
conservation of the gene pool and the preservation of 
tundra ecosystem diversity present a rather specific 
task. We should be interested in the preservation of 
conditions ensuring the young type of species 


formation and the conservation of genotypes adapted 
to critical environmental conditions. Consequently 
the main problem consists in preserving and 
excluding from exploitation territories possessing the 
largest diversity of ecological conditions situated in 
boundary zones between regions which differ by flora 
and fauna composition. Traditional forms of tundra 
exploitation such as hunting and pasturing may be 
easily balanced against the productivity of tundra 
ecosystems. The problem of tundra ecosystem 
protection consists not in the properties of their 
biological components but in the instability of 
substrate caused by geomorphological cryogenic 
processes. 


Tundra occupies a comparatively narrow zone in the 
north of the continent, immediately contacting the 
ocean. This position leads to a considerable territorial 
hydrothermal gradient. In summer this gradient has a 
latitudinal character and creates high temperature 
contrasts; in winter it has a largely longitudinal 
character. The greatest territorial gradient of 
precipitation is proper to the European and West- 
Siberian sectors of tundra as well as to Chukotka. The 
temperature gradient even in the most continental 
regions of central Siberia is3°C for 1 °of latitude in July. 
The high territorial contrast of hydrothermal 
conditions leads automatically to significant 
variations with time causing sharp differences in 
weather for different years. 


In different years the weather of the same territories 
may correspond to climatic conditions of different 
subzones. This fact has its impact on the structure and 
dynamics of ecosystems. On the other hand, 
variability of climatic conditions inevitably leads to 
conservation of eurybiotic species of flora and fauna 
and limits the development of specialization. 


The dynamic of ecological conditions of tundra biome 
is maintained as well by cryogenic processes which 
determine the formation of meso-, micro- and 
nanorelief and the slope denudation processes. Frost 
cracks and polygonal tundras connected to them, the 
process of frost grading of grounds, frost mounds, 
various solifluctions, and thermokarst lead to a 
regular renovation of top soils and to permanent 
destruction of vegetation cover. Moreover, these 
processes are often due to the diverse influence of 
vegetation cover elements which raise the variability 
of hydrothermal conditions and disturb the 
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equilibrium. Numerous facts and the analysis of 
processes show that in tundra with wide spread of 
permafrost and perennially frozen grounds the 
dynamics of ecosystems could not be examined apart 
from the correlation and interaction between 
vegetation and soil with its varying hydrothermal 
properties. 


In the general scheme of development, the vegetation 
cover decreases favoring intensive cryogenic 
processes and accumulation of ice. This leads to a 
degradation of vegetation with the consequent 
increase of defrosting and finally to soil effusion or to 
the formation of microdepressions flooded with 
water. 


Diverse cyclic cryogenic processes have varying 
weather as a background and this accentuates the 
multiform character of their realization. 


Numerous studies have been carried out dealing with 
these processes (see Tyrtikov 1969) but the great 
variety of the conditions in which they are realized 
does not permit the creation of a general simulation 
model. In our case the essential point is that for tundra 
biome the processes of covering of ground with 
vegetation and its denudation, the covering with 
vegetation and the development of swamps, the 
formation of small lakes, the formation and 
disappearance of frost cracks and so on present a 
natural cyclic processes, an integral part of tundra 
ecosystem functioning. 


The character, the intensity and the direction of these 
processes are undoubtedly caused by climatic changes 
but the mosaic of eachconcrete case reflects a statistical 
mean of allochthonous and authochthonous 
transformations. As the overwhelming majority of 
species forming tundra biome is eurybiotic, each can 
act both as a pioneer or a finite species and this creates 
more difficulties in interpreting the course of process. 
Hence in our conception of monitoring in tundra 
ecosystems we should consider the observations 
which could determine the leading tendencies in 
changes against the background of exceptional 
mosaics and dynamics of ecosystems. 


On the other hand, the instability of the frosting- 
defrosting processes on permafrost represents the 
main factor leading to vulnerability of tundras. The 
disturbances of vegetation cover lead to a sharp and 
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deep defrosting of soils and consequently to the 
development of thermokarst and in particular cases to 
surface erosion. 


The regional subdivisions of tundra biome are of great 
significance in the planning of natural reserves and 
monitoring systems. The continual character of 
changes in structure and composition of ecosystems in 
zones together with a common character of flora and 
fauna for the entire biome leads to certain 
disagreements in the scenarios presented by different 
authors. The zonal changes in structure and 
composition of tundra ecosystems vary considerably 
with sectoral changes. The sectoral changes are due to 
variations of hydrothermal regime with latitude. The 
floro- and faunogenetic particularities of regions are of 
great significance as well. Thus it seems reasonable not 
to discuss merits of particular scenarios but to reveal 
the indisputable peculiarities of each separate region 
that make it interesting from the point of view of 
protection and monitoring on a biosphere level. 


The tundras of both continents have muchin common. 
However, certain significant differences exist. These 
considerable ecological distinctions exert an influence 
on the functioning of ecosystems and on frosting 
processes. In general the ecological conditions of 
North American tundras are indisputably more 
oceanic in character and consequently more mild. 


The conjugation of the southern border of tundras and 
mean statistical climatic characteristics for Eurasia 
confirms the complex and multilateral character of the 
formation of the southern border of tundra and defines 
the climaticregions within which the southern borders 
of tundra are determined by different combinations of 
climatic characteristics. As a whole, it was found that 
thermal characteristics determine tundra borders for 
the continental part of Siberia where we have 
minimum precipitation and atmospheric humidity. 
Here the forest grows in the most severe temperature 
conditions having a growing season of only 70 days. 
On the southern borders of European tundra, the 
thermal conditions are quite suitable for trees to grow 
but the redundancy of precipitation and a relatively 
high humidity exclude their spread. A _ similar 
situation can be observed in the eastern, oceanic sector 
of Eurasia. For West Siberia the southern border of 
tundra is determined simultaneously by the 
combination of temperature, moistening and air 
humidity; at Taimyr, by temperature and moistening; 
and only for the most continental regions of East 
Siberia is it determined by thermal characteristics 
alone. 


These climatic differences of southern tundra border 
depicting the aspect of ecosystems fully agree with the 
borders of floristic provinces and subprovinces 
determined by Yurtsev by means of floristic criteria 
(1978). The most uncertain correlation between the 
contemporary southern border of tundra and climatic 
characteristics is observed exactly on the borders of 
floristic provinces. Thus the accordance of various 
climate-forming factors defining the southern border 
of tundra and reflecting the difference of all ecological 
conditions in the region with the scheme of floristic 
regions allows us to take the latter as a pattern for the 
planning of protected areas, for it reflects rather 
reliably all longitudinal distinctions. 


The zonal subdivision of tundras is less reliable 
because of the statistical character of distinctions. A 
comparison with climatic characteristics shows that 
the subzone of arctic tundras, taking into 
consideration different conceptions, in general will 
not support trees, due to the short growing season. As 
for other subdivisions, their precise climatic 
identification is rather difficult due to their vagueness. 
So, given our practical task of creating protected areas 
we should assume the conception of the continual 
character of zonal changes of ecosystem structure. 


The scheme of floristic regions proposed by Yurtsev 
includes in protected zones the territories possessing 
the most genetic diversity and having the most varied 
ecological conditions, which makes possible the 
definition of territories meeting the criteria for 
biosphere reserves. For Eurasia, this means first of all 
the foothills of Ural and North Ural, the southwest part 
of the Yamal peninsula, the territories adjoining the 
Lower Yenisey, the Lower Khatanga, the Lower Lena 
and the Lower Kolyma as wellas the territories on the 
coasts and in the continental part of Chukotka. On the 
North American continent the most interesting from 
this point of view are the territories in northern Alaska, 
the Brooks Mountains, the Mackenzie Delta, the 
territories adjoining Hudson Bay, and Baffin Island. 


Of course, the scheme of the region allows us to outline 
only approximately the territories where we can 
envisage the most diverse and complex gene pool, the 
most diversified ecosystems and consequently assure 
the conservation of the main components or the 
minimum area and study the most complex processes 
of ecosystem dynamics. However, experience shows 
that in reality the territorial distribution of protected 
territories reflects their tendency to occur on large 
natural borders. Taking into consideration the 
complexity of establishing protected areas in the 


Arctic — the difficult access, the high price of scientific 
studies — we must acknowledge that the most 
promising way is to choose a restricted number of 
protected territories assuring the most complete 
protection of biosphere diversity, of gene pools and of 
ecosystems. 


The analysis of practical observations, the results of 
simulation, and the real territorial structure of 
temperature fields show that in arctic and subarctic 
regions the global rise and fall of temperature are 
realized in the maximum fluctuations of real 
temperatures. The maximum amplitude of 
temperatures is apparently characteristic for all the 
period of fluctuations of global climate. Numerous 
series of real observations show a synchronous change 
of temperatures in different parts of the Arctic. 
However, the greatest amplitudes were observed in 
their most continental parts — Central and East 
Siberia. 


The open character of young tundra communities 
indicates a high sensitivity of different species to 
different factors of the environment. The existence of 
species just on the border of their hydrothermal 
ecological niche leads to their high sensitivity to the 
fluctuations of thermal and humidity regimes. These 
theoretical propositions are fully confirmed in 
practice. This is clearly seen in the example of 
dynamics of the spread of herborous species on the 
borders between tundra and forest and in the distinct 
correlation of tree-growing with thermal conditions. 


The mobility of the tundra-forest border, the dying-off 
of trees on the border of the forests and the opposite — 
their spread in unforested areas — attracted the 
attention of scientists as early asin the 18th century. In 
the course of the 19th century, numerous observations 
were collected. On the base of these data hypotheses 
were developed concerning the causes of tree absence 
in tundra and treating the factors determining the 
dynamics of the southern border of tundras. All these 
data and conceptions were summarized in 1892 by G.I. 
Tanfiliev. Nowadays this information is of great 
interest for it concerns the period when the direct 
observation of weather was extremely rare and was, as 
we know now, a period of global decrease in 
temperature. The observations made at that time 
show a distinctly suppressed state of tree growthat the 
edge of forests, an abundance of dyed-off trees and 
others signs of forest oppression. These tendencies 
were common both for Eurasia and North America. 
This led Tanfiliev to an erroneous conclusion about 
forest degradation under the influence of the 
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autochthonous process of bogging up and served asa 
base for the biocoenotic conception of tundra-forest 
border. 


However, by the 1950s data appeared showing the 
progressive spread of islands of forest in tundra, a 
process which began at the end of the past century. 
(Grigoriev 1956). Moreover, the existence of a more 
prolonged tendency of forest spread in the tundra was 
stated. Numerous data confirmed that during the 
postglacial thermal maximum the border of the forest 
was Situated in the east-european subarctic at 2-2,5° to 
the north of the present border. In West and Middle 
Siberia it occurred 1-2° more to the north. The role of 
other components of vegetation cover was changing as 
well. On the whole, in the course of the last 500 years 
the forest has once again spread northward. 


V.N. Andreev succeeded in defining the mean 
perennial speed of forest spread to the north for North 
Europe: 50-75 kilometres in 100 years. According to 
his evaluations this process began 500 years ago. The 
weak degradation of the forest border in the second 
half of the past century is attributed to the climatic 
fluctuations within a 100-year cycle. 


The data collected during the past decades and the 
wide application of dendrochronological methods 
confirmed the high sensitivity of forest borders to 
climatic changes, as the state of trees and the spreading 
of self-sowing reflect the different frequencies of 
climatic fluctuations. Apparently other components 
of vegetation cover, e.g., sphagna, mosses, and lichens 
are no less sensitive but we do not have sufficient 
information about these as yet. 


The high sensitivity of forest ecosystems at the limits of 
their spread requires strict observation within the 
system of global monitoring. The wide spectrum of 
their sensitivity allows us to identify not only the 
present climate changes but also to outline the general 
tendency and thus to predict the structural changes in 
forest and tundra biome. However, the right 
interpretation of the causes of changes in forest growth 
and its territorial spread is possible only if we 
understand the causes limiting the spread of forests to 
the north. 


Numerous hypotheses exist concerning this problem: 
the influence of low temperatures of air and soils in 
summer together with redundant moistening; the 
influence of low temperature and strong winds in 
winter together with thin snow cover; the flat relief and 
the development of permafrost; the competition 
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between trees and moss-lichen communities; the 
youth and the exceptionally weak biological activity of 
soils. All these factors influence to a certain degree the 
development and the spread of trees. Thus, in some 
transitory periods the biological factor may become 
the leading one. Puzachenko (1972) carried out a 
complex analysis of the forest border position. It 
includes such components and characteristics as 
duration of period with temperatures above 5°C, sum 
of temperatures above 10°C, warmth-humidity 
correlation expressed in hydrothermal coefficient, 
relative air humidity in the warmest month of a year 
and the less humid hours of day (July, 13h.), sum of 
precipitations during the warm season, mean 
temperature in January, mean height of snow cover, 
relief characteristics and frosting regime of soils. The 
results of the analysis showed that the necessary and 
sufficient condition for an almost precise description 
of forest border is the knowledge of the duration of 
vegetating period, the sum of temperatures, the 
hydrothermal coefficient, air humidity and the degree 
of soil moistening. The analysis put in evidence the 
negative influence on the forest not only of low 
temperatures and short vegetating periods but also of 
redundant moisture including air humidity. 


The discordance in position between the real border 
and the one evaluated from climatic characteristics can 
be observed in the regions of contact of different 
floristic provinces where the main forest-forming 
species are alternating near tundra-forest borders. 
Correlations received in the course of the analysis 
allow us to suppose that the reaction of forest border to 
changes of thermal regime would be the most obvious 
in continental regions. The consequences of 
atmospheric humidity changes would be more 
pronounced in European tundras with a maritime 
climate. In this case the border changes will depend on 
warmth-humidity correlation. These statements are 
fully confirmed by comparative dendrochronological 
studies which show that for the first case the 
correlation coefficient of the temperature of the year 
and the increase in diameter was +0,7-0,8 and in the 
second case it was only 0,3 (Polozov and Shyjatov 
1976). All positive correlation in the second case was 
observed during the period of maximum 
temperatures in a 100-year cycle. 


Accordingly we can state general principles of 
territorial distribution of global monitoring stations 
analyzing the consequences of climatic changes. These 


stations must be situated on a forest border or more 
generally on borders of tundra subzones with 
continental areas, e.g.,on the Taimyr peninsula; and in 
maritime climate conditions, e.g., in the 
Bolshezemelskaja tundra. In the eastern sector of the 
subarctic and in Eurasia the choice of such a station is 
rather difficult due to complicated cryographic 
conditions. 


Two stations of this kind, including within their limits 
protected areas, would be enough to establish the fact 
of climatic fluctuations leading to changes of 
vegetation structure. In North America the stations 
situated in its continental part, because of higher 
humidity, would be able to provide additional 
information. These data along with observations of 
the Taimyr would allow us to pinpoint tendencies in 
changes of global humidity regime. The stations 
situated in eastern and western sectors would indicate 
increasing or decreasing humidity not accentuating 
thermal fluctuations. Thus, five or six global 
monitoring stations would be able to provide 
information on general tendencies of climatic changes 
as well as on their ecological consequences. 


The observations of changes against the general 
background of atmosphere, soils and subsoil waters is 
the other important task of global monitoring. 
According to the criteria mentioned above, it is 
convenient to situate observation stations in areas 
where the highest potential sensitivity of organisms to 
environmental factors is anticipated. On the other 
hand, in order to have more representative 
observations and for economic considerations it 
would be more efficient to situate the station in the 
regions of mean statistical convergence of air masses 
formed above different territories, i.e., on the large 
barometric pressure system borders. The analysis of 
maps of air mass circulation shows that these points 
are not numerous and that on the whole they coincide 
with general borders of floristic division in the 
Subarctic. The observations in Alaska would ideal 
from this point of view. In summer, these stations 
would observe air masses formed above eastern 
regions of the Pacific and above northern Canada ona 
background level. Observations made north of 
Hudson Bay would record data on air masses above 
the northern part of the American continentand above 
Canada in summer. Observations near the Arctic 
Circle on Baffin Island would do the same for air 
masses formed above the Arctic Ocean, Greenland 


and, in part, above the North Atlantic. The 
observations would not lose their representativity in 
winter. 


In Eurasia the representative observations may be 
obtained in the Polar Ural; in winter, on lower 
Khatahga, and lower Lena; and throughout the yearon 
lower Indiguirka and in central Chukka. Such a 
network of monitoring stations would guarantee the 
full control of air masses formed above the Arctic 
Ocean and in the moderate zone of Eurasia. Thus the 
number of monitoring stations observing industrial 
pollution need not be great —eight or nine would be 
enough. 


The optimal locations for monitoring stations coincide 
with optimal locations for protected areas, and this is 
not mere coincidence. As we have said above, floristic 
borders coincide with climate and the latter in their 
turn reflect the fundamental particularity of air masses 
circulation. However, for the same reason, the 
territories of climatic monitoring can not coincide with 
territories of background pollution monitoring, for 
climatic changes are observed most effectively on 
latitudinal borders and not on the sectoral limits of air 
masses. 


Finally by combining all the requirements we can 
establish the principles of territorial distribution of 
biosphere reserves, ecological climatic monitoring 
stations and industrial pollution monitoring stations. 


The impact of industrial pollution on the functioning 
of ecosystems may be obtained only on the base of 
more precise quantitative observations. In this 
respect, the initial data obtained in the course of 
international biological research are of great value. 
Unfortunately, these data embrace a period when the 
level of pollution was already rather high. 


The evaluation of ecological consequences of climatic 
changes and industrial pollution may be obtained by 
comparing the contemporary situation with the past 
one. We have already seen that ecological observation 
of forest state in the past can serve as a base for future 
observations. 


For Eurasia we possess vast material dealing with the 
biochemical and chemical composition of an immense 
list of plants, annual growth rates of various plants 
including lichens, resources per area unity and so on 
(see Feeding Characteristics of Northern Plants, Moscow 
1964). Besides, for many regions we possess rather 
detailed maps reflecting locations of reindeer pastures 
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made in the 1930s. On the whole these investigations 
had as an objective the rational exploitation of 
pastures. Most of the maps reflect the situation of the 
1930s; some the late 1940s and early 1950s. The maps 
embrace practically all the tundra and north taiga. The 
information concerning the spread of lichens, their 
resources, growth and chemical composition is full 
and precise. All the data are attached to specific 
territories and consequently all observations can in 
principle be repeated. 


Of course, some changes in production process and in 
chemical composition of plants may reflect not only 
industrial pollution but climatic changes as well. But 
by complex analysis of properly organized 
observations we could certainly discern the influence 
of each factor. Thus the past studies represent a good 
foundation for the solution of new problems. 


Up to the 1970s there were practically no nature 
reserves in the Soviet Arctic and Subarctic. In the 
region of boreal taiga and alpine tundra on the Kola 
Peninsula there is an old nature reserve, but it is not 
subarctic. The cause of the absence of reserves in the 
Arctic and in subarctic regions is clear enough. Even 
in our time tundras are the regions of traditional 
economic developmentanda few industrial centres do 
not alter the situation. On the other hand, the creation 
of nature reserves with a permanent staff in the tundra 
is a rather difficult and expensive task. Only in recent 
years were nature reserves created on Taimyr, on 
Yamal and on Wrangel Island. 


As a rule scientific researches in the Arctic and in 
subarctic regions were carried out by means of 
expeditions at special stations or with different 
itineraries. Some of these stations lately became parts 
of nature reserves, e.g., the scientific station of the 
Botanical Institute of the Academy of Sciences Ary- 
Mas on Taimyr. Continuous observations during 
several decades are carried on by the Scientific 
Institute of Agriculture of the Extreme North in 
Norilsk, by the Institute of Biological Problems of the 
North in Magadan and by many other institutions. 
The data received in the course of the work of many 
organizations represent a good basis for multilateral 
monitoring in the Arctic and Subarctic. 


Nature reserves recently created in the Arctic begin at 
once to carry out a standard program, “Annals of 
Nature,” which is obligatory for all nature reserves in 
the USSR. According to the standard scheme assuring 
the comparability of data, the observations are carried 
out throughout the year on constant itineraries. These 
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observations embrace phenological phenomena, plant 
productivity, and association borders. Constant 
accounting of mammals and birds takes place. 


The network of biosphere reserves in the USSR is 
constantly developing. There are projects for creating 
more natural reserves in the Arctic. Their territories 
coincide with the network of biosphere protected 
areas. Evennow the Taimyr nature reserve, in one part 
of its territories, controls the condition of forestislands 
in the world’s most northern limit of tree growth. 


These ideas concerning the nature of arctic and 
subarctic ecosystems, their territorial structure in 
connection with climatic characteristics and vast data 
dealing with the state of different components of 
ecosystems in different periods of time for practically 


all the territory of Soviet North Eurasia create good 
scientific and technical preconditions for the solutior 
of the problems of nature protection, the organizatior 
of nature reserves and ecological monitoring. 


However, we must take into consideration that the 
organization of constant complex observations in the 
Arctic remains a difficult task due to problems with 
technical equipment and staff. In the development o: 
the network of biosphere reserves and global 
monitoring, soviet scientists are considering the 
regions where such problems are less accentuated. Ir 
this way we can acquire the necessary experience sc 
that in the future we will be able to resolve simila 


problems in barely accessible regions including the 
Arctic. 
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Discussion 


Percy Sims 
Rapporteur 


Key points and recommendations developed from the 
discussion were that: 


e Monitoring programsalready in existence should be 
better utilized. 


e A monitoring network on a biome basis should be 
established. In the case of pollutant monitoring, a 
gradient from “baseline” or “background” 
conditions to high pollutant levels should be 
established. 


e Monitoring and research networks should be 
integrated in order to use funds efficiently. 


e Methods and parameters measured should be 
selected on the basis of available technology. In any 
case, a minimum monitoring requirement for all 
sites should be established and expanded toward 
Wiersma’s ideal situation according to national 
priorities and capabilities. 


e Only a few of the existing sites are suitable and these 
generally represent local (regional) as opposed to 
global air masses. Therefore, a correlation should be 
established between climatic, ecological, and global 
monitoring. 


A resolution was proposed “that the Northern Science 
Network endorse the global monitoring network and 
recommend that a high-latitude or northern station to 
be added to the network.” 


Amendments to the resolution included that: “the 
system be flexible, and deal not only with pollution but 
also with general ecological changes,” and “that the 
Northern Science Network support publication of 
national monitoring network station results.” 
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Public Participation in Biosphere Reserve Research and Management 


Hugh Monaghan 
Assistant Deputy Minister 
Department of Renewable Resources 
Government of the Northwest Territories 
Yellowknife, Northwest Territories 


Introduction 


My comments on public participation will focus on the 
requirements, as I see them, for the successful 
implementation of the Man and the Biosphere (MAB) 
program of biosphere reserves in the Northwest 
Territories, Canada. Just as we can learn from the 
experiences gained elsewhere, many of the concerns 
and opportunities in the Northwest Territories may 
have relevance for others in the circumpolar area 
where similar conditions of vast territory, sparseness 
of human habitation but close ties to the land by the 
residents, coupled witha growing political awareness 
prevail. 


The Context and Opportunities 


The Northwest Territories consist of approximately 
2.4 million square kilometres, representing a 
significant portion of the world’s arctic and subarctic 
terrestrial, aquatic, and marine ecosystems (Figure 1). 


Except for lands recently granted to the Inuvialuit of 
the western Arctic through their aboriginal rights 
settlement, virtually all lands are owned and most 
lands are managed by the federal government. The 
territorial government administers lands in and near 
communities as well as certain other areas in which 
development is occurring. 


There are only 50,000 permanent residents in 56 
villages and towns spread along the Mackenzie Valley 
and the arctic coast and islands. The majority of the 
residents are closely tied to the land through their 
reliance on renewable resources, particularly wildlife. 
Because of the limited biological productivity of arctic 
and subarctic ecosystems, and the migratory nature of 
certain northern wildlife species, most communities 
have an intimate and direct interest in relatively large 


expanses of land. Therefore, despite the sparse 
settlement, residents have strong bonds to the vast 
areas of the Northwest Territories and care about the 
maintenance of environmental quality. 


The bulk of the area of the Northwest Territories is in 
near-pristine condition. Fortunately, much of the 
identification of unique and representative examples 
of landscapes and documentation of sites in which 
baseline data has been collected in northern Canada 
has already been accomplished by the International 
Biological Program - Conservation Terrestrial (IBP/ 
CT) during the 1970s. 


Specific areas have been faced with varying degrees of 
industrial exploration and development in the past 
several decades, primarily by the non-renewable 
resource industries. It is not clear to what degree the 
area is being affected by the general decline of 
environmental quality caused by such factors as 
airborne pollutants from more industrialized areas. 


These considerations — the significance of the relative 
geographical proportion of the circumpolar area 
contained in the Northwest Territories; the relatively 
pristine environment which has only recently been 
exposed to significant development; and the interest of 
residents in the maintenance and monitoring of 
environmental quality — make the Northwest 
Territories a prime area of interest for the MAB 


program. 
Problems — The Perceptions of Northerners 


The obstacles to implementing the MAB program in 
the Canadian North have been well summarized by 
Simmons (1983) and are twofold. First, federal 
administrators react negatively to the implications of 
the term “biosphere reserve.” In their view, a reserve 
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is a static, closed unit, an impediment to development 
they view as essential to the national interest. Second, 
northerners see the advocates of such programs as 
biosphere reserves as southern “elitists” or “experts” 
who wish to alienate large tracts of land purely as 
protected conservation areas. 


I would add to these two concerns the belief by 
northerners generally that the national and 
international interests in conservation programs such 
as MAB are often advocated in decision-making 
processes to which they and their territorial 
government may not have full access. Accordingly, 
northerners feel that their views may be too easily 
over-ridden by national and international interests 
advanced by small but effective pressure groups. 


This concern is an artifact of the limited state of 
jurisdictional authority vested with local and regional 
governments in Canada’s two remaining northern 
territories. The territorial governments have been 
granted many, but not all, of the powers of the 
provincial governments in the Canadian 
confederation. 


Concerns of northerners about their limited control 
over their affairs are fueled by the large number of 
proposed conservation areas that are being advocated 
by various federal agencies and southern 
conservationists. This is seen as threatening as it is 
occurring in advance of the transfer of authority for 
political decision making to northern-based political 
institutions. Examples of such areas include 150 
International Biological Program (IBP) sites and other 
areas comprising 15 percent of the landmass of the 
Northwest Territories, which would be administered 
as national conservation areas. The latter would 
include national parks, national marine parks, and 
various national conservation areas such as migratory 
bird sanctuaries. 


In addition to areas being advanced by national and 
international groups, the Government of the 
Northwest Territories is developing extensive 
proposals for conservation areas including territorial 
parks, wildlife sanctuaries, and areas to be managed 
primarily for wildlife production. 


Although there is some duplication in these proposals, 
even when the overlap is removed, considerable 
concern about the potential for “locking up” a 
relatively large part of the Northwest Territories is 
justified. MAB Reserves have been viewed as one 
more in a list of many such conservation proposals. 


The proliferation of competing interests for 
conservation land is viewed by northerners as being 
particularly threatening if it occurs at a time before 
they have adequate jurisdictional tools, or access to 
sufficiently open decision-making processes to ensure 
their interests are adequately represented. Northern 
constitutional evolution toward provincial-type 
models, and aboriginal land claim settlements will be 
two major forces that will achieve this goal. 


Clearly, MAB proposals must take into account a 
greater degree of northern-based decision making in 
natural resource management questions. This applies 
not only to the designation of biosphere reserves in the 
near future, but also to the maintenance of the sitesand 
supporting programs in the future. 


The Shared Interest 


The shared concern of the international, national, 
territorial and local communities can provide us with 
a frame for considering the level and appropriateness 
of mechanisms for public participation in the 
implementation of the biosphere reserve concept in 
Northern Canada. 


The International Interest 


The concern of our global neighbours in maintaining 
representative examples of arctic and subarctic 
ecosystems has been accepted by the previous 
Legislative Assemblies of the Northwest Territories 
and by the native organizations. This acceptance is in 
a large part due to the early ground work done by 
Panels 9 and 10 of IBP/CT. The creation of biosphere 
reserves must be carefully considered within the 
context of the Canadian IBP/CT for the sake of 
continuity as it is perceived by community leaders. 


National and Territorial Interests 


Agreement on the mandates of the federal and 
territorial governments and the special stake of the 
aboriginal peoples in northern resource management 
decision making provided a framework for the Land 
Use Planning Program in the Northwest Territories 
(Department of Indian Affairs and Northern 
Development 1982). The federal government has 
noted the national interest in the development of non- 
renewable resources, particularly energy, as well as 
certain conservation initiatives. The territorial 
government has jurisdiction over the management of 
certain renewable resources, maintenance of aspects of 
environmental quality, and a primary responsibility 


for the development of the territorial economy. Local 
governments have similar responsibilities at the 
community level. Through aboriginal rights 
negotiations, the native people have obtained, or are 
obtaining, access to wildlife resources and 
involvement in decision-making processes which will 
protect their interests in these resources and in 
environmental quality. These are viewed as essential 
tools to protect their cultural identity and to maintain 
their future economic options. 


Jurisdictional and Administrative Con- 
siderations 


Jurisdictional and administrative concerns of 
northerners exist regardless of who happens to be the 
landowner. Because of the local interests, current 
agreements on the management of national parks call 
for the maintenance of local rights of use (including 
harvest of wildlife and other resources) and preference 
for economic development opportunities. Further, for 
the ongoing management of areas such as national 
parks, local advisory and decision-making boards are 
called for in order to gain community participation 
and support to ensure the greatest degree of 
consistency with resource management policies and 
practices in surrounding areas. These practical 
arrangements are acknowledgement of the broad and 
indirect responsibilities of the national and 
international communities in the maintenance of the 
ecological integrity of conservation areas. However, 
thisis accomplished in a manner that respects the more 
direct and specific interests of the local and regional 
communities. 


In addition to the recent pragmatic agreement reached 
for the purposes of land use planning (Department of 
Indian Affairs and Northern Development 1982), local 
and regional perspectives will be further accentuated 
when land ownership is considered in the future. Most 
northern lands are presently held by the federal 
government in trust, pending constitutional 
development and future transfer of natural resources 
to northern governments. In addition, aboriginal 
peoples will be holders of considerable rights to 
surface lands. They will therefore have an increasing 
degree of influence over management decisions. 


The International Union for the Conservation of 
Nature and Natural Resources (IUCN) has made a 
statement pertaining to the World Conservation 
Strategy which acknowledges the need to recognize 
regional disparities in program administration 
(Burnett 1984). 
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Depending on the constitutional structure of the country 
concerned and on the distribution of planning 
responsibility and powers of decision over resource use, 
conservation policies may be required at more than one 
level of government. The roles and responsibilities should 
be made clearly, and objectively related to those levels of 
government above and below it. 


In Canada, provincial legislation has been used to 
implement conservation programs within existing 
regional management structures (i.e., IBP/CT). 
Conservation agreements between government and 
private land owners have also occurred. Fortunately, 
Canada/MAB has recognized that there are equally 
valid regional approaches to the implementation of 
the biosphere reserve program in Canada (France 
1984a). Accordingly, we should be open to using 
territorial legislation in the Northand, as noted earlier, 
encourage native land owners to contribute directly to 
the program. 


Local Benefits from MAB Monitoring 


Northerners must receive direct benefits from the 
establishment and ongoing success of biosphere 
reserves. The Legislative Assembly of the Northwest 
Territories and the native organizations have both 
been strong advocates of the development of the 
renewable resource-based economy and maintenance 
of environmental quality for social, cultural, and 
economic reasons. They have considerable influence 
on the rate and the manner in which non-renewable 
resources and the resultant environmental threats are 
managed. 


With local particpation will come understanding and 
support for the benefits of the MAB program. This will 
provide the greatest insurance that biosphere reserves 
will be dynamic once established; that surrounding 
areas will be managed appropriately; and that 
essential ongoing monitoring and research projects 
will be maintained in a rapidly evolving area. 


Responsive Public Participation 


Integrative mechanisms are required to enable 
biosphere reserve proposals to be put in the context of 
other conservation initiatives. Further, conservation 
initiatives must be considered within a more 
comprehensive framework in which broad social and 
economic objectives of society within a system of 
political accountability are considered. Reserves 
created within this context can then be managed ina 
manner that will enable real public participation 
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ranging from national, to the more intense local 
involvement. 


Designation of Conservation Lands 


A developing conservation strategy for northern 
Canada (Task Force on Northern Conservation 1984) 
and the proposed Land Use Planning Program for the 
Northwest Territories (Department of Indian Affairs 
and Northern Development 1982) have the potential to 
provide the integrating mechanisms and 
comprehensive perspectives that I have 
recommended to serve as the matrix for biosphere 
reserves in the Territories. 


A Conservation Strategy for Northern Canada: The 
northern conservation strategy should include a 
general plan for all northern lands as well as a 
recommended approach to designating specific lands 
for management primarily for various conservation 
purposes. This overall conservation strategy is 
essential to make sense out of the proliferation of 
conservation proposals presently being made. 
Designation of conservation lands must be made 
within a policy framework that is integrated with the 
overall objectives for the maintenance of northern 
renewable resources and environmental quality. 


Canada/MAB has contributed to the development of 
the proposed strategy (Francis 1984b) and should be 
prepared to contribute on an ongoing basis to ensure 
that the biosphere reserve concept is given full 
consideration in the development and 
implementation of the strategy along with other 
special interests groups. For the moment, I am 
assuming the presence of an ongoing advisory group 
to support the senior levelsof the federal and territorial 
governments. Such a group should reflect southern 
Canadian and international perspectives, but should 
have a strong presence of northerners to reflect their 
legitimate interests and to avoid the “southern elitist” 
label which currently prevails in describing such 
advisory groups. 


The advisory group would be in a position to provide 
recommendations on the integration of a 
comprehensive system of conservation areas to serve 
a range of purposes, and to classify and assign 
priorities to areas for consideration by a land use 
planning authority for designation and management. 
Canada/MAB and the Northern Science Network 
should be prepared to make representations to sucha 
group on what it believes the North should contribute 


to our national MAB program to reflect our place 
among circumpolar nations. 


Land Use Planning: The proposed land use planning 
structure for the Northwest Territories will provide a 
broad forum for the integration of resource 
conservation and development policies and for 
specific resource (particularly land) allocation 
decisions. Political accountability would be provided 
by the respective territorial and federal ministers, who 
give policy guidance and have authority to approve 
land use plans. Senior officials of the federal and 
territorial governments and representatives of the 
native associations would provide policy advice to the 
ministers. The ministers would provide direction toa 
Land Use Planning Commission (or possibly 
commissions), which is responsible for developing the 
land use plans. Commissions will consist primarily of 
northern residents appointed on the recommendation 
of the federal and territorial ministers and the native 
associations. The Commission is expected to 
encourage community participation in the 
development of land use plans which will in turn 
guide local and regional resource use and 
development. 


The conservation advisory group proposed above 
could be available to provide ongoing support to the 
Commission by developing criteria and assigning 
priorities to the various types of conservation lands. It 
could monitor progress toward the implementation of 
the conservation strategy in general. 


Management of Biosphere Reserves 


The development of management plans for potential 
reserves and surrounding buffer zones, as well as the 
research and monitoring programs, will require the 
participation of the local communities and resource 
management agencies. Although MAB will wish to 
ensure basic guidelines are provided by the 
conservation strategy and land use planning process, 
detailed local involvement on an ongoing basis will be 
necessary to ensure a dynamic situation necessary for 
the program to respond to changing conditions in the 
surrounding area. 


The lessons learned about public participation in the 
Waterton Biosphere Reserve are equally relevant in 
the North (Cowley and Lieff 1983). As noted earlier, 
acceptance by local people requires involvement 
which ensures that this program will be responsive to 
local needs. This will be especially true in the North 


where northerners are continually bombarded with 
“the larger interest” and where the competition for 
attention and conservation initiatives is intense and 
growing. 


A local management committee will be required for 
each biosphere reserve. Membership should include 
local representatives of users of natural resources as 
well as natural resource managers. The committees 
will be required to ensure that the reserves are 
managed to protect the integrity of the areas and, 
where appropriate, to enable access for legitimate local 
needs. The adjoining monitoring areas should be 
carefully managed and monitored to ensure the 
lessons of the effect of activities on the natural 
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environment are learned and applied in ongoing 
resource use and management decisions by the public 
and resource managers alike. Finally, the research and 
monitoring programs must be relevant to, and be 
perceived as being relevant to local needs. In times of 
financial restraint, research programs are often the 
first to be sacrificed. Monitoring and research 
programs are not likely to be maintained over the 
necessary duration unless there is strong local 
advocacy for their maintenance. Researchers should 
involve the local public, not just in discussions of the 
need for their research and reporting on results but, 
where possible, directly in the field where the program 
will be most readily understood and appreciated. 
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Environmental Education in Biosphere Reserves 


S. Khromov 
Academy of Sciences 
Moscow, USSR 


In the Soviet Union, the solution of environmental 
problems is regarded as one of the principal political, 
economic and social tasks. The necessity of 
conservation and rational use of resources is 
underlined in the Constitution of the USSR. 
Environmental education (EE) receives a lot of 
attention. Although there is no special legislative act, 
the main tasks and problems of EE are covered in most 
environmental laws issued recently. 


Environmental problems are complex: that is why itis 
important to take all aspects into consideration: 
natural, social and economic. Today, one can not solve 
environmental problems possessing only biological, 
geographical and technical knowledge. This is a 
strong argument for an interdisciplinary approach in 
EE. We can assert that today interdisciplinary 
principles are widely used at all educational levels in 
the USSR. 


At present the most harmonious system of EE 
functions at the primary/secondary school level. This 
is because school programs do not differ much from 
region to region in the USSR, which simplifies the 
process of elaboration and introduction of EE topics. 
Great work has been done by the Academy of 
Pedagogic Sciences and its Laboratory for Ecological 
Education. Close cooperation between scientists and 
teachers of EE programs for the school and the pre- 
school levels are of great importance as well. 


At the tertiary level, EE is compulsory for all students. 
But because of specific differences, EE approaches in 
various institutes differ greatly. We believe that as a 
whole at this level it is impossible to work out some 
kind of universal approach in EE, or a common 
program. At the same time definite systems of 
environmental training have been introduced for 
various groups of institutes (e.g., teacher training 
institutes, chemical industry institutes, universities, 
etc.). 


In both formal and informal EE the system of nature 
biosphere reserves and national parks plays an 
important role. 


Evaluation of the activity of nature/biosphere 
reserves (N/BRs)in EE showsus that itis botha formal 
and informal activity. At the same time we think that 
the most significant aspect of the N/BRs is not the 
educational activity of the reserves , but the 
possibilities, and resources (objects, landscapes, 
means, results, experience of nature conservation and 
monitoring) which N/BRs can prrovide for the 
purpose of EE at different levels. 


EE activities carried out by N/BRs are intended for 
various population groups: the general public, 
primary and secondary school pupils, students of 
universities and other institutions, specialists in 
various branches of national economy and 
management, as well as scientists. 


As to the range of issues to which BRs should pay 
special attention, these should include problems of 
conservation of rare and endangered species and 
ecosystems. At the same time BR activities depend to 
a considerable extent on specific features of economic 
development of the region in which a reserve is 
located. These determine the issues that can be studied 
with the help of materials (e.g. , monitoring results) 
available in a reserve. Socio-economic characteristics 
of aregion (population density and occupation, degree 
of urbanisation, etc.) affect the composition of main 
“consumers” of EEina N/BR. On the other hand, the 
composition of visitors to a N/BR determines specific 
methodology, approaches and the level of knowledge 
to be provided to them. 


Soviet N/BRs, as research centres, are capable of 
providing comprehensive information to visitors. 
Reserve staff members, using local data, cover topics 
on nature conservation and rational use of natural 
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resources and discuss such issues as the ecological 
pyramid, species, spatial and temporal population 
structure, and interaction of various components of 
ecosystems. These general issues are discussed, in a 
way easy to understand for the layman, with all the 
visitors. This helps them to understand the necessity 
of a complex solution to environmental problems. 


One can single out five main directions in EE activities 
carried out in N/BRs: 


° arrangement of subject expositions in museums; 


e first-hand acquaintance with local nature features, 
landscapes, flora and fauna; 


e assistance to school activities in nature conservation; 


¢ provision of necessary facilities for students’ field 
practice of and for scientific studies by specialists; 
and 


¢ publications, lectures, use of mass media. 


Museum activities come first because they allow the 
greatest number of visitors to a reserve to be involved 
in the process of EE. Visitors’ questions indicate that 
those under 18 years of age tend to be interested 
mainly in large, expressive exhibits containing little 
information. Older visitors, regardless of theirage and 
educational level are attracted by dioramas with 
stuffed animals displayed against the background of 
an appropriate landscape. Museums display 
herbariums, insect collections, etc., as well as 
cartographic materials, diagrams, charts, and 
photographs. Outdoor museum expositions help to 
bring visitors closer to wild nature itself. To this end, 
nature trails in buffer zones are used. 


N/BRs not only provide information to the public, but 
carry out effective training of specialists. For example 
short-term courses or workshops are organized for the 
staff of local governmental bodies. These office 
employees study environmental legislation and at the 
same time get the unique opportunity to contact 
animate nature and see the effect of nature 
conservation activities. 


Assisting in the organization of out-of-school nature 
conservation activities for teenagers has become a 
tradition in the Soviet N/BRs. Reserves pay close 
attention to the arrangement of nature conservation 
practice for elementary school students. As a result 
quite a number of those involved in this activity later 


choose an “environmental” education. Unfortunately, 
not all school pupils get an opportunity to use the 
resources of reserves. In this case youngsters can join 
many other types of nature conservation movements, 
e.g., young naturalists, wild-life clubs for Pioneers, 
tourist and ecological stations. Quite often activities of 
these movements are closely associated with those of 
N/BRs. Children visit reserves and carry out some 
specific types of scientific and practical work in the 
nearby regions or in the buffer zones. 


Participation of young people in the environmental 
movements takes various forms, depending on the 
needs of their district. These can be “Green Patrol” and 
“Blue Patrol” groups, school forestry organizations, 
groups to combat soil erosion, work and rest camps, 
expeditions, and so forth. 


In the Russian Soviet Socialist Federal Republic alone 
there are more than 6,000 school forestry groups where 
approximately 300,000 pupils work and study, looking 
after 2,500,000 hectares of forest. There are more than 
1,000 work and rest camps for members of these 
forestry groups, and nature conservation schools are 
setup inthe camps. School forestry groups help pupils 
to choose a career. Every year some 600 forestry group 
members enter forestry institutes after leaving school, 
and a similar number take jobs in forestry. 


Members of school forestry groups take part in the 
“Muravei” (Ant) operation being conducted by the 
All-Russian Nature Conservation Society and the 
Ministry of Forestry. In 1980 more than 140,000 anthills 
were put under protection of the young forestry 
specialists. 


“Small Forestry Academies” (SFAs) and “Youth 
Ecological Stations” are spreading. One of the first 
SFAs was organized in Petrozavodsk in 1971 and is 
attached to the Karelian Forestry Institute. The SFA 
students have graduated from young naturalist clubs, 
or are the members of the “Berendei” forestry, or 
winners of various biology competitions. Most are 14 
or 15 years old. 


Scientists at the Forestry Institute worked out the 
course “Forestry and Nature Conservation” for SFA 
students, including lectures, practice, excursions, and 
three weeks of forestry practice. When studying for 
the second and third year, all students have their own 
scientific instructor and an individual plan of work. To 
complete each year of study, students present the 
results of their scientifically based investigation in 
written form. Upon graduation they get a diploma, a 


description of their abilities and behaviour, and a 
recommendation to enter a Forestry Institute to 
continue their education. 


There are similar academies in Krasnoyarsk, 
Sverdlovsk, Omsk, Arkhangelsk and Volgograd. Not 
long ago, a Correspondence SFA was opened in 
Byelorussia. Teenagers may study for three years with 
either of two faculties: Forestry or Nature 
Conservation. Everyone can receive the programs, 
themes for essays and tests. Those who succeed are 
invited toasummer camp where they practice forestry, 
listen to lectures by specialists, and visit the Berezinski 
Biosphere Reserve. 


In some places, for example in Pushino in the Moscow 
area, several school forestry groups are united and 
youth ecological stations are set up. The main 
objective of the Pushino ecological station, which is 
nearby the Prioksko-Terrasny Biosphere Reserve, is to 
study the impact of the rapidly growing town on its 
environment. Great attention is also paid to the 
development of technical skills, and schoolchildren 
are taught handicrafts. 


The SFAs are usually organized in the regions located 
not far from one of the N/BRs. In this case they are 
provided with ample opportunities to use high 
scientific and pedagogic potentials of the reserve, and 
its nature resources. It is important especially for field 
practice of SFA students. 


N/BRs pay great attention as well to such interesting 
nature conservation movements for teenagers as 
“Blue” or “Green” patrols. Members of these patrols 
come mainly fromrural areas. The childreninspect the 
district, and comment on the areas needing protection. 
Blue patrol groups take part in an activity called 
“Living Silver.” Pupils mark locations ona map where 
fish may gather in spring, and carry out activities to 
conserve them. They also study flora and fauna in 
local reservoirs, keep them clean and stage campaigns 
against poaching. There are nearly 7,000 Blue patrol 
groups with more than 130,000 members. Members of 
Green patrols look after forests, combat erosion, and 
carry out reforestation and forest-fire prevention 
measures. They work in close cooperation with staff- 
members of reserves, who assist them to put into 
practice most of the activities, carry out lessons in 
theory, and organize meetings with the public. 


Training of students and probation for specialists are 
activities carried out within the framework of research 
work planned by a reserve, and the trainees help to 
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carry out definite scientific themes (monitoring, 
conservation, etc.). Insome cases students follow their 
curricula under supervision of their college tutors but 
with due regard for the interests, means and resources 
of the particular reserve. 


The fifth role of BRs includes exchange of professional 
experience at seminars and meetings, and issue of 
publications prepared jointly by BR staff members and 
scientists or students from other institutions. 


Besides EE activities carried out at various levels ina 
nature/biosphere reserve itself, reserve staff members 
accomplish an extensive program of environmental 
propaganda outside the reserve. By means of mass 
media, mobile exhibitions, publication of popular 
scientific pamphlets, booklets, materials for compiling 
photo albums and especially through lectures, 
specialists exchange views and attitudes on 
environment problems with people from the 
neighborhood ofa reserve. The aims of lectures are to 
develop environmental awareness and a sense of 
responsibility for the environment, explain state 
environmental policy, discuss problems of interaction 
between man and nature and possibilities to solve 
these problems, and disseminate specific information. 
Staff members of reserves give on the average 200-500 
lectures annually. 


The five EE activities mentioned above are the 
principal methods of EE used by reserves. Both in 
reserves and elsewhere, other forms of EE have 
becorne very popular: “People’s university,” “subject 
school,” film shows and lecture series. In a number of 
reserves question-and-answer meetings and _ talks 
with the use of visual aids have become traditional. 


Discussing these various forms and methodsof EE one 
can see not only the positive but also the negative effect 
of this activity. Great number of visitors affect 
protected nature ecosystems even if visiting is limited. 
Moreover, staff members of reserves are often 
distracted from their scientific research work in order 
to meet and accompany visitors. 


In this connection EE facilities of biosphere reserves 
should be re-evaluated. The unique possibilities and 
features of reserves are invaluable for the purpose of 
EE. Biosphere reserves have valuable experience in 
conducting research work, and material and 
intellectual resources that allow them to set up a 
system of environmental training. Demonstration of 
aesthetically attractive features; lecturing in 
museums; visiting outdoor museums and studies 
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along a nature trail, discussions at seminars, and 
workshops — all these provide ample opportunity to 
carry out EE ata high professional and aesthetic level, 
while bringing visitors close to nature. 


At present, the working groups on biosphere reserves 
and environmental education of the Soviet Committee 
for the UNESCO/MAB Program are elaborating a 


model which should comprise standard programs and 
general methods of ecological education through the 
system of reserves. Initially these will be used and 
tested in the existing biosphere reserves. By applying 
this material, staff members of specific reserves will be 
able to work out their own programs adapted for local 
conditions, and determine the content and methods of 
their research. 
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Discussion 


Julian Inglis 
Rapporteur 


The discussion focused on the lessons to be learned 
from the nature, extent and success of public 
participation in research in existing biosphere 
reserves and other protected areas in the circumpolar 
region, particularly Waterton Lakes Biosphere 
Reserve and reserves in the USSR. Participants 
noted that: 


e there should be an emphasis on establishing and 
maintaining good communications among 
scientists, managers, landowners, interested 
groups and the general public; 


e emphasis should be placed on using biosphere 
reserves for environmental education, particularly 
the development of an “ecological culture,” 
particularly at primary and secondary levels; 


® acceptance and support for biosphere reserves is 
greater when reserves are established in areas of 
low resource use conflict or potential conflict and 


where establishment is the outcome of 
compromise among the various interests; 


e we must be clear about what is meant by scientific 
research, as opposed to resource inventory; the 
costs of public involvement must be identified 
and included in research budgets; 


e rather than creating new mechanisms, we must 
involve the public in existing ones, with emphasis 
on establishing research needs and priorities; and 


° public participation in management, and in the 
identification of land use problems, leads to public 
involvement in relevant research programs. 


Participants recommended that the public should be 
involved in the selection and management of 
biosphere reserves and have input into research and 
development conducted on and around reserves. 


57 


Planning the Creation of New Arctic Biosphere Reserves 


Lars Pahlsson 
Department of Plant Ecology 
University of Lund 
Sweden 


Landscape can be defined as the sum of its natural 
components, e.g., types of bedrock, landforms and 
vegetation. The character and pattern of the 
components present within a landscape area will 
constitute the main type of landscape and its specific 
natural environment (Finch and Trewartha 1949; Troll 
1968; Socava 1972). 


The Main Landscape Component 


Ecosystems as landscape components are of major 
interest in the evaluation of natural qualities and in 
land use planning. An ecosystem is a theoretical 
concept indicated by different structural features but 
also by its specific functions. The functions are of an 
internal biological character, for instance, flows of 
energy or nutrients within the ecosystem, but they are 
also of significance for the human economic and social 
use of the natural environment. 


In the evaluation and planning of the environment, 
there is a need for easy identification of ecosystems 
and their distribution within a landscape area (Figure 
1). Experience shows that mapping of vegetation 
types is a feasible method. However, other factors 
influencing the ecosystems also may be of interest, 
such as geology, land forms and land use, understood 
as the mechanical and chemical factors of the 
ecosystems. The area within a landscape that is 
covered by a homogeneous ecosystem has been 
defined as an ecotope, the geographical unit of an 
ecosystem (van der Maarel 1977; Troll 1968). 


Vegetation Units 


As a base for evaluation and planning of the natural 
environment adequate vegetation units are needed. 


Different approaches to vegetation sociology must be 
linked to a uniform system of vegetation types. The 
types must be relatively easily identifiable in nature 
and, as mentioned, it must be possible to use them as 
indicators of ecosystems. The dividing of units must 
be made on a level where the types can be used and 
understood by scientists and researchers as well as 
planners. Vegetation units can serve as a bridge 
between the experience of the scientistand the needs of 
the planner. 


Criteria for the Evaluation of Landscapes 


The evaluation of the natural environment in 
connection with physical planning, as in the selection 
of areas for protection, must be based on the 
characteristics and pattern of the natural structural 
components in the landscape. The main criteria 
commonly used are (Helliwell 1973; Statens 
Naturvardsverk 1975; Tjallingii 1974; Westhoff 1970): 


e Frequency and rarity —The fewer the occurrences and 
the smaller the total area, the greater the value. 


e Representativity — Typical or characteristic 
occurrences have greater value than others. 


e Diversity - The greater the diversity and variation, 
the greater the value. 


e Area/form — Many ecosystems require a certain area 
nucleus that is as far from the border as possible. 
Large and more or less circular areas are more 
valuable than others. 


e Change — Areas that reflect either natural or cultural 
processes of change are valuable. 
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¢ Originality — Areas that have developed without 
cultural influence for many years and which contain 
ecosystems close to nature are valuable. 


As the expression of the landscape’s distinctive 
features, representativity is particularly important. 
According to existing definitions of representativity, 
something that is representative must be placed in 
relation to something else. In the evaluation of nature 
the landscape components must be related to some 
type of defined area. 


Criteria Connected to Biogeographical Regions 


Returning to the landscape components as ecotopes, 
landforms, etc., these may appear with a high degree 
of conformity within an area. Either one of two types 
may be dominating or they may occur in a 
homogeneous pattern. Such conditions can be 
analyzed by experienced biogeographers, but also by 
using numerical methods and computers (van der 
Maarel 1977). In this way physical geographical 
regions or biogeographical regions can be delimited 
and then used as reference areas to analyze the 
representativity of the landscape components. 


An assessment of the representativity of a landscape 
component requires detailed knowledge of how the 
component varies structurally; the area within which 
the component occurs; the frequency and the pattern 
of this area in the landscape; and how the component 
occurs in combination with other components that 
make up the landscape. 


This knowledge may then be related to the 
characteristic natural features of the biogeographical 
region within which the component occurs. High 
similarities indicate representativity and low 
similarities rarity. In this way, when evaluating 
nature, a direct relationship arises between landscape 
components that are representative and those that are 
unique. 


There are some problems connected with the 
definition of rare or unique landscape components. 
Although they seldom occur and cover only small 
areas, they are perhaps fragments of components such 
as primeval forests or earlier widespread types of 
agricultural land and pastures, and in that sense they 
are representative. On the other hand, if noconnection 
of this kind is found it may be necessary to determine 
whether the unique component is of any scientific or 
economic value or should be considered an anomaly. 


In this connection the unique may be found in 
combination with different components. In the same 
way as there are representative combinations, there 
may be some that do not occur elsewhere although the 
individual components included in the combination 
may be common. In this respect, it may be noted that 
there are often special combinations of natural 
components that constitute a particular landscape ora 
particular biogeographical region. From this 
viewpoint each region contains a number of both 
representative and, in relation to other regions, unique 
characteristics. 


Other factors of importance in the evaluation of the 
natural environment are the area, the frequency, the 
change potential, and the diversity of the landscape 
components. Often diversity is stressed. However, 
even when diversity is high, a combination of 
landscape components should be related to the 
representativity or the rarity concepts. Diversity need 
not, in fact, be of value and is only given greater 
importance when it occurs in areas that have been 
documented as being representative and unique. 


A Model of Evaluation 


A model for processing information on nature (Figure 
2) in the evaluation of the natural environment has 
been worked out withina project of the Nordic Council 
entitled “Representative Types of Nature in Nordic 
Countries” (Nordic Council of Ministers 1983). The 
Nordic countries have been subdivided into 
biogeographical regions (Figure 3) (Nordic Council of 
Ministers 1984a). A common classification of 
vegetation types as definition of ecosystems and a 
classification of land forms have been made (Nordic 
Council of Ministers 1984b, c). Areas characteristic of 
each biogeographical region have been selected and 
described using the units of the classifications made. 


The large volume of information made it necessary to 
use a computer to process data. The classified 
landscape components were coded according to the 
RUBIN system developed at the Museum of Natural 
History in Stockholm. 


Information from different areas characterizing the 
biogeographical regions was transferred to special 
forms and then entered and stored in a computer file 
connected to the computer program INFOL, 
developed in Geneva (INFOL 2, Geneva 1976). INFOL 
is a relational data base well suited to handling 
administrative data. There are several data bases of 


this type, for instance, MIMER, which are used within 
Swedish administration. Different questions can be 
asked of the INFOL-file concerning, for example, 
relationships within the material stored in the data 
base. The results are presented either in tables or in 
maps (Figure 4) (Nordic Council of Ministers 1984d). 


Using the INFOL file, the occurrence and extent of 
landscape components in Nordic countries were 
analyzed. Related to the biogeographical regions, the 
occurrence of different landscape components gave 
increased knowledge of the characteristic natural 
features of the regions. 


It was also possible to use the data base in the 
evaluation of a single natural area (Figure 5). The 
planning area must be described using the classified 
landscape components according to the standards of 
the RUBIN sytem. This allows the features of the area 
to be compared with those of the biogeographical 
region in which it is situated (Figure 5:1) or with an 
adjacent region (Figure 5:2). Similarities and 
dissimilarities in relation to other selected areas, for 
instance reference areas of the regions (Figure 5:3 and 
4), may be analyzed. In this way the model constitutes 
an instrument for assigning priorities and selection of 
areas for protection and management. 


Priorities and Selection of Biosphere Reserves 


Aclassification of the biogeographical provinces of the 
world has been made and serves as a base for the 
selection of biosphere reserves (Udvardy 1975). The 
Council of Europe is revising a vegetation map of 
Europe, first published in 1979, to be used in the study 
and planning of the environment (Council of Europe 
1979). In the same way, some eastern countries (for 
instance the USSR (Yazan 1983) and Poland) have 
been subdivided into biogeographical regions. 


The model used for the Nordic countries could be 
applied to all these biogeographical regions. 
However, the scale and the level of classification used 
must be stressed. When comparing Udvardy’s map, 
that of the Council of Europe, and that of the Nordic 
Council of Ministers, the Nordic countries are covered 
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by 3, 12 and 76 units respectively. Regional planning 
authorities, for example in Sweden, have asked for a 
further subdivision of the Nordic regions. 


It is evident that there is a need for different levels and 
scales related to different aims of physical planning. 
The planning of global systems, such as that of 
biosphere reserves, must be based on a system of 
biogeographical regions, while regional planning 
requires a denser network of regions and reference 
areas (Figure 6). 


Biosphere reserves can contribute to local and regional 
planning (Batisse 1982; UNESCO 1984). They must be 
supplemented with denser networks of reference ar- 
eas based on more detailed systems of biogeographical 
regions. The differences in planning levels can be 
overcome if the same models and a standardized sys- 
tem of classification and information exchange for 
natural features is used. 


Thus the selection and use of biosphere reserves 
would be achieved through: 


ethe development of a denser system of 
biogeographical regions on different planning 
levels; 


° a common classification of landscape components, 
foremost vegetation types, land forms and units of 
land use, all adapted to a standardized planning 
system, 


° inventories of main landscape components within a 
considerable number of areas; the results could be 
used both to implement the knowledge on the 
biogeographical regions and to select new reserves 
and reference areas among the areas investigated; 
and 


¢ the establishment of international data bases serving 
planning, science and education. The working area 
of such data bases must be restricted. Perhaps areas 
such as the Nordic countries, or the circumpolar 
regions would be relevant. 
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Figure 3. Physical Geographical or Biogeographical Regions of Nordic Countries 


Figure 3. Continued 
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Figure 4, The Processing of Information from the Reference Areas of the Biogeographical Regions 


65 


Sg Physical geographical region (GR) 


a, Representative area of nature (R) 
—"._._ ,¢ Planning area (P) 


_ Listed landscape components 
— (representative, unique, sizes, patterns) 


Figure 5. Evaluation of the Representativity of the Landscape Components in a Planning Area 
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Figure 6. System of Information on Natural Conditions 
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Discussion 


Nancy A. McMinn 
Rapporteur 


There was general agreement that classification and 
delimitation of biogeographical regions could be 
made on different scales. The various scales would 
relate to the individual aims of the planners. 
Implementation of a successful biosphere reserve 
must be tied closely to adjacent similar reference areas 
which in turnare situated close to local planning areas. 
The information collected may lead to the 
establishment of an international data base. 


Key points raised during the discussion were: 


e The biosphere reserve network is open as far as 
approach and inclusion of areas. 


e The necessity of utilizing existing research projects 
and existing facilities must be recognized, ie., 
“Build on what you have.” 


e The biosphere reserve program offers a unique 
opportunity of combining monitoring, research, 
and international involvement with local land use 
planning and activities. 


e The biosphere reserve is established for a special 
combination of purposes which are unique and not 
found under any other protective status. 


e The monitoring and research that take place in the 
Biosphere Reserve should be incorporated into local 
land use planning. 


e The ties between the biosphere reserve, the local 
government, and the existing planning system are 
important. 


e National committees should become more involved. 


e The national framework will be linked to an 
international framework, which, in turn, will be 
linked to a global network. This will enable 
priorities to be established to determine biosphere 
reserves in different countries, and to avoid 
duplication of sites in biogeographic regions. 


¢ A biosphere reserve that includes more than one 
biogeographic region would be useful. The research 
information obtained in the reserve could be utilized 
in a larger peripheral area. 
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Concluding Remarks: Dissent, Diversity and Biosphere Reserves 


Milton Freeman 
Chairman, UNESCO/MAB Northern Science Network 
Boreal Institute for Northern Studies 
University of Alberta 
Edmonton, Alberta 


In offering these concluding remarks allow me to put 
my thoughts in the context of the goals of the MAB 
Northern Science Network. By so doing, we address 
the question that has to be asked of the Network on 
appropriate occasions, namely, is it achieving the 
goals set when it was founded two yearsago,and more 
specifically, are meetings such as this present one a 
worthwhile activity in relation to these general goals. 
The goal of the Network’s founders was the 
achievement of greater contact and cooperation 
among people with an interest in northern regions; 
both those who live in the North as well as those who 
live elsewhere but who work in the North or whose 
work affects northern outcomes. 


The Network was not established with the purpose of 
directly sponsoring or conducting research activities; 
its purpose was to encourage the sharing of 
information and ideas and by this means to increase 
the appreciation of what the important issues are, 
especially those issues of concern occurring in more 
than one jurisdictional region of the circumpolar 
north. Basic to this goal of increased understanding 
about northern issues was the belief that dialogue 
must occur among all those with northern interest, 
knowledge and concerns — including residents, 
managers, decision makers at all levels and research 
scientists. Too often such dialogue has excluded one or 
other of the northern stake-holders, and northern 
policies and programs are deficient as a direct result. 


Let me address one issue that was on many minds at 
this symposium, that is, the absence of native 
northerners at our discussions here. This absence was 
not due to oversight; by way of explanation let me state 
that the symposium is a mere beginning of what must 
be extensive and extended discussion of the biosphere 
reserve issue in the North. This symposium, however, 
makes a modest start; it needed to be quite small (yet 


international) and of an essentially exploratory nature. 
It did not seem an entirely appropriate forum for 
inviting all potentially legitimate participants, so it 
was, aS a consequence not as broadly constituted a 
discussion group as may be appropriate when these 
discussions move to considering the specific issue of 
establishing and managing biosphere reserves in a 
particular region of the North. The content of such a 
goal-oriented meeting in the future needs to be 
carefully defined, and this symposium may be seen as 
assisting in that task. 


Notwithstanding the restricted nature of our 
deliberations here, I believe the meeting has been a 
potentially successful one. This is because quite apart 
from the stimulating and, for some of us, new ideas 
that have been discussed here, we also failed to resolve 
all our differences. I believe the potential for success 
will be reached if these presently unreconciled 
differences are eventually reconciled, no matter if that 
takes quite some time to accomplish. The diversity of 
opinion on some issues is profound, and quite 
probably not easily reconciled. The benefit of this 
being so, is that given the goodwill and mutual respect 
that participants have for each other, the existing 
differences should stimulate us all to critically 
evaluate what it is that we consider the best way to 
proceed in our individual activities. We seemed to 
have real disagreements over issues that constitute 
some of the basic philosophical underpinnings of the 
MAB program, namely, the role of the general public 
in science, and whose science is the best science. 


Let me say that in a broader sense the issues that 
caused dissent here appear to be non-issues. It is 
unreasonable to suppose there is only one (scientific) 
way to the truth, and perhaps more to the point, 
science (as an activity) is not going to solve any of the 
problems we see as seriously threatening our 


70 


environment. It is human actions — not scientific 
findings — that cause and remedy environmental 
problems, and as we are all aware, these human 
actions are influenced by a host of political, economic 
and emotional considerations of far more persuasive 
power than even the most elegant scientific fact or 
theory can ever hope to exert on politicians or the 
general public. 


Otherimportant considerationsare that there are other 
than scierttific ways of knowing the truth, and theseare 
considered to be quite appropriate especially to those 
who are practiced in nontechnical traditions. Further, 
any number of environmental problems exist whose 
complexity will continue to baffle scientists for many 
years to come. The fact is that most of the useful 
applications of the ecological sciences (in fisheries, 
wildlife or habitat management) are not amenable to 
rigorous scientific testing and “proof,” asin laboratory 
or experimental science for example. This means that 
ecology will remain an inexact science, whether 
carried out in nature or in abstract simulation studies. 
As such it is amenable to manipulation and control by 
various interests able to co-opt scientists willing to 
exploit the methodological and substantive 
uncertainties inherent in these “frontier sciences.” 
UNESCO, MAB, and bodies such as UNEP, the 
International Union for the Conservation of Nature 
and Natural Resources (IUCN) and other purportedly 
science-based environmental agencies must remain 
vigilant to the actions of the anti-science ideologues 
who are always well represented in the environmental 
movement. 


Uncertainty in science, though producing the 
potential dangers I have referred to, is a normal 
concomitant of the scientific endeavour, and 
ordinarily contributes in a positive fashion to 
advances in knowledge, so that its role is certainly not 
to be denied or minimized. There will always be 
challenges to scientific findings, and of course, to be 
duly humble is the essence of a true scientist. 
Consideration of the history of western science only 
confirms that the scientific truths of yesterday are for 
the most part subsequently disproven or otherwise 
found wanting in an ever shortening space of time. 
What does that tell us about the scientific truths of 
today? Nevertheless, science does advance our 
appreciation of the world we live in, and we have to 
take advantage of the “best” information available if 
ouractions are to be rational, justifiable and consistent. 


In our discussions here, many people made reference 
to the UNESCOand IUCN statements that local people 


have to be involved in meaningful ways with all 
phases of the work that is to be carried out in regard to 
biosphere reserves. I recall such reasons being 
mentioned, as: 


e research established from a distance may be 
summarily discontinued as priorities (established 
elsewhere) suddenly change; 


e local involvement fosters local pride and 
responsibility; 


e local residents need to be aware what effects their 
activities have on the local environment; it is not 
always practical to rely on government experts, 
given that these experts may represent an agency 
perspective that is not entirely objective; 


e local residents have relevant environmental 
knowledge useful for gaining better understanding 
of the problems that may exist; incorporating this 
local body of knowledge requires local peoples’ 
involvement in the management process. 


Itis certainly encumbent upon scientists and managers 
to regard local (“non-scientific”) knowledge with 

respect, with openness and the unprejudiced curiosity 
we accord to other intellectual products of non- 
western-science-based activities. We can think of the 
knowledge of astronomy, architecture or civil 

engineering possessed by civilizations millennia ago, 
or even of the antiquity of mathematics itself. In 
contrast, consider the non-value-free nature of 

western science, exemplified by the persistent 

disagreements among scientists as to the effects of acid 
rain, the link between certain food or gasoline 
additives or of tobacco smoke, on health, variously 
disputed by capable scientists representing different 
value-oriented groups in society. Another reason for 
not treating local knowledge lightly is because it rests 
upon the same foundations as all modern science, 
namely empirical observation and deductive logic. 
The very foundations of the biological sciences are 
based upon no more than that, for the works of Charles 
Darwinand Alfred Russell Wallace, though epochal in 
magnitude, were no more than those of keen natural 
historians armed with magnifying glasses, tweezers 
and pinning boards. All of modern biology rests upon 
a taxonomic system elaborated a century before 
Darwin and Wallace made their discoveries; today 
thousands of plant and animal species still bear the 
Linnean designations that 18th century Swedish 
naturalist and his students determined to be those 
species’ true place in the natural order. Coming closer 


to modern times, we can recall that the trophic- 
dynamic understanding of ecosystems was elucidated 
by a youthful Charles Elton about 60 years ago, 
following a field season contemplating the Svalbard 
tundra community, at which time he was also 
equipped with little more than binoculars, a vasculum 
and a rifle. On what grounds therefore, can we doubt 
the utility of the knowledge of local people derived 
from many more years of patient observation in an 
environment where their daily well-being, if not their 
physical survival, requires a thorough understanding 
of how nature works? 


The reason I have spent this amount of time bringing 
ina peculiarly anthropological perspective, is because 
I believe it is important to take a broad look at the 
issues, especially when we seem to have profound 
disagreements. These disagreements necessarily 
loom large under the high power of the microscope, as 
it were; but ina larger field of view they seem not only 
smaller, but of more appropriate proportions. It seems 
to me that we have experienced some problems in 
agreeing becausesome have tried to focusattentionon 
the minutiae of the problem whereas others are 
focused upon problems of a much broader nature. In 
this situation it is most unlikely that all will agree with 
the necessity of measuring this chemical compound, of 
studying that ecological marker, or “keystone,” 
species, in order to fully elucidate the ecosystemic 
truth. If we can’t decide on the utility of measuring 
particular environmental components, it is most 
unlikely we will be able to agree on the utility of 
establishing expensive global monitoring networks 
(in the expectation that if we measure enough 
parameters we certainly will have included at least 
some of the needed ones, ifand when the experts agree 
what these are). The differences among us doubtless 
reflect varying degrees of professional self-interest, for 
public money committed to expensive programs may 
diminish that available for others more to our liking. 
But it also reflects real differences between the nations 
we belong to, and the extent to which we believe that 
we could effectively “sell” an expensive, technology- 
intensive monitoring program to the political or 
administrative decision makers who need to support 
such proposals if they are to be funded. Some may 
recall the problems the International Biological 
Program had at the outset, when lengthy discussions 
taking place to standardize methodologies almost 
killed some programs and certainly caused many able 
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scientists to move away from IBP-sponsored projects 
at the cost of good research likely not being carried out. 


When we become too preoccupied with minutiae, it 

may be helpful to remember what it is that 

quantification really enables us to accomplish. In 

actuality the absolute value of any measurable 

parameter may be quite insignificant in the search for 
understanding of such dynamic and complex systems 

as are represented by biotic community — physical 

environment interactions. If the absolute value is near 

worthless, then the relative value, I would suggest, is 

near priceless in this search for enlightenment. When 

data are plotted graphically ( in order to explicate 

relationships) the first thing that is perceived, and the 
most lasting memory retained, is the trend of the line, 
or the overall relationship between the plotted 

variables. The representation immediately, at a 
glance, answers several important questions: is the 
trend up or down, or fluctuating; is the relationship 
constant or regular or is it stochastic? Itis this concern 
with the relative relationship between variables that is 
the essence of traditional (local) knowledge systems, 
and of traditional systems of renewable resource 
management based upon such intelligence. When we 
search for keystone species to study, we would be well 
advised to consult with traditional resource users 
occupying these environments, for their 
understandings usually derive from models allowing 
minimal “noise” due to incidental considerations. If 
one were to accentuate the differences between the 
options open to us (as decision makers might well do) 
it becomes a question of whether to aim to be generally 
right much of the time (by use of traditional 
knowledge) or to be precisely wrong all of the time (by 
use of scientific analysis). This is a polarized — hence 
extreme — characterization of the situation; but the 
opposition presented does bear serious consideration, 
for it is certainly more true than false. 


One of the international issues that we failed to agree 
upon is due to not dissimilar opposites. It is also 
fundamental to the goals that high latitude biosphere 
reserves might serve. I refer once again, to the question 
of the global monitoring system. The “opposites” at 
issue here appear to be, on the one hand, deciding on 
a high degree of standardization (of methodology, of 
parameters to be measured, etc.), or, on the other, 
allowing each country to decide how best to assess the 
state of its national environment. This leads to 
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interesting questions of whether a series of national 
assessments would allow an accurate appreciation of 
the state of the global environment — or is the whole 
decidedly different, in this case, from the sum of the 
constituent parts? There are other concerns, and they 
relate less to questions of science, and more to highly 
emotive questions of national sovereignty, for a 
scientifically valid sampling grid may require stations 
to be set up in countries without the human, technical 
or economic resources to support such a sophisticated 
monitoring program. Alternatively, other countries 
with the resources to participate may not favour 
devoting those resources to support this particular 
approach to the problem; again, the uncertainties 
inherent in the scientific method are encountered. We 
certainly had evidence at this workshop that such 
fundamental differences do exist. 


Perhaps these issues do not really matter; sample size 
can usually be argued, yet increasing the sample size in 
order to reduce uncertainty is often accomplished at 
the expense of other worthwhile studies. In other 
words, there are likely to be benefits derived from 
adopting a diversity of approaches to monitoring the 
state of the environment, and given our overall 
ignorance of what constitutes the “best approach” it 
surely is prudent to adopt a course that encourages a 
variety of approaches rather than one (or few) at the 
expense of many. My instinct tells me that if the 
important dimension of the analysis is discerning the 
trend of environmental health over time in a 
relativistic sense, then surely the parameters chosen or 
the methods of assessing them are matters of less 
consequence and should not block efforts to establish 
alternate or complementary systems that can provide 
us with information that all agree we need to know. 
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